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Summary 

An account is given of the Television Consistency Index method of assessing the 
colorimetric properties of light sources for use in television scene lighting. Theoretical 
limits have been determined within which this Index may be used as a general description 
of lamp performance, bearing in mind the inevitable differences in spectral analysis 
characteristics (spectral sensitivities) which exist between one practical colour television 
camera and another Practical comparisons between displayed colour television scenes are 
described, in which the original scenes were illuminated by different lamps The results of 
these tests are used to examine the validity of the Television Consistency Index, both in 
absolute terms and in relation to the alternative use of the General Colour Rendering 
Index in this context. 



Issued under the Authority of 




Research Department, Engineering Division, 
BRITISH BROADCASTING CORPORATION 

(PH-290) 



Head of Research Department 

March 1988 



THE ASSESSMENT OF THE COLORIMETRIC PROPERTIES OF LIGHT 
SOURCES FOR USE IN TELEVISION SCENE LIGHTING 

E.W. Taylor. M.A. (Cantab.), C.Eng., M.I.E.E. 



1. Introduction 1 

2. Calculation of Television Consistency Index Values 3 

2.1 Introduction 3 

2.2 Formulation 3 

2.3 System parameters 4 

2.4 Lamp spectral power distributions 5 

3. Theoretical Examination of Properties of the Television Consistency Index — 6 

3.1 Regression analysis of Television Consistency Index data 6 

3.2 Rank order difference analysis of Television Consistency Index data 7 

3.3 Tlie use of the reference camera analysis characteristics for calculating Television 
Consistency Index values S 

3.4 A brief survey of "worst Index" results 8 

3.5 Test colour sets 9 

3.6 The use of "narrow-red" colour television cameras 12 

4. Practical Field Trials of the Television Consistency Index 12 

4.1 Practical details 12 

4.2 Results 14 

4.2.1 Tests using studio (P3000) reference illuminant 14 

4.2.2 Tests using Lamp 5 as reference illuminant 16 

4.3 The use of the General Colour Rendering index 17 

5. Discussion 18 

6. Conclusions 21 

7. Acknowledgments 22 

8. References 23 

Appendix 1: Data Required for Calculation of the General Television 

Consistency Index 25 

Appendix 2: Individual and Mean Subjective Grades Obtained in Practical 

Field Trials 35 



(PH-290) 



© BBC 2006. All rights reserved. Except as provided below, no part of this document may be 
reproduced in any material form (including photocopying or storing it in any medium by electronic 
means) without the prior written permission of BBC Research & Development except in accordance 
with the provisions of the (UK) Copyright, Designs and Patents Act 1988. 

The BBC grants permission to individuals and organisations to make copies of the entire document 
(including this copyright notice) for their own internal use. No copies of this document may be 
published, distributed or made available to third parties whether by paper, electronic or other means 
without the BBC's prior written permission. Where necessary, third parties should be directed to the 
relevant page on BBC's website at http://www.bbc.co.uk/rd/pubs/ for a copy of this document. 



THE ASSESSMENT OF THE COLORIMETRIC PROPERTIES OF LIGHT SOURCES FOR USE IN 

TELEVISION SCENE LIGHTING 

E.W. Taylor, M.A. (Cantab.), C. Eng., M.I.E.E. 



1. INTRODUCTION 

The problem of assessing [he colorimetric 
properties of light sources for use in television (or 
indeed film) scene lighting is not new. In the past, 
however, the choice of artificial light source has been 
rather restricted, and has in the main consisted of 
incandescent sources running at various temperatures. 
In such cases the spectral power distribution corres- 
ponds, to a reasonable degree of approximation, to a 
Planckian or "full radiator", and the temperature of 
that radiator ("colour temperature") has provided an 
adequate description of the source. Where the source 
has not been strictly Planckian (e.g. daylight) the 
spectral power distribution has still been reasonably 
continuous and the concept of "correlated colour 
temperature" has been invoked. Colour filters have 
become available to "raise" or "lower" the colour 
temperature of a source, and direct-reading meters 
have been developed which give an indication of 
colour temperature on a suitable display. Both of these 
aids to the lighting engineer rely on the continuous 
nature of the spectral power distribution of an 
incandescent source (or daylight) and can give very 
misleading results when used to correct the light from, 
or assess the parameters of, a discharge lamp whose 
spectral power distribution is concentrated in relatively 
few bands. This was not of great importance when 
discharge lamps having spectral power distributions 
broad enough to make their use as scene illuminants 
worth considering were not common: such few lamps 
as might be suitable for this purpose could be treated 
on an "ad hoc" basis on each occasion that they were 
encountered. However, the advent of a relatively large 
number of discharge lamps (both of the high-intensity 
discharge and the fluorescent types), which have 
become common sources both for interior and exterior 
lighting, has brought with it the need for a new formal 
system of lamp categorization to replace the inaccurate 
"colour temperature" method. The problem has 
already been tackled in the field of direct observation 
of coloured objects by the specification of the "Colour 
Rendering Index", /?„. It was felt that the problems 
met with in the field of colour reproduction were 
sufficiently different from those of direct observation 
to warrant an investigation into the provision of a 
separate Index (or Indices) for such purposes. This 
Report is concerned with the investigations on this 
subject carried out by the committee members listed in 
Section 7. 

The programme of work under which this 
investigation was carried out was as follows:- 



(1) To devise and recommend a "working 
model" of the television colour repro- 
duction process, capable of mathematical 
description so that it can be incorporated 
in computer software and thus be capable 
of experimental use in the laboratory. 

(2) The purpose of the working model is to 
enable the colorimetric effect of changing 
the lamp used for illuminating the scene 
being reproduced to be evaluated, as far 
as possible without including the imper- 
fections of the reproducing process in this 
evaluation. 

(3) As far as possible the working model 
should be of general vahdity so that new 
or improved data can be incorporated 
without the need for re-writing the 
recommended procedure. 

(4) Attention was called to the CIELUV 76 
and CIELAB 76 colour-difference 
formulae. 

Although the use of "mixed lighting" techniques (the 
use of different types of lamp to illuminate the same 
scene), and the associated problem of choosing lamp 
filters so that colorimetric differences (e.g. coloured 
shadows) do not then appear in the reproduced 
picture, are often encountered in practice, this subject 
has not been included in the present work. 

Bearing in mind the programme of work 
outlined above, and specifically that Item 2 referred to 
differences of colour reproduction obtained when 
using first the lamp under test, and subsequently a 
"reference" lamp, for colour television scene illumina- 
tion, the Television Working Party decided to 
investigate the Television Consistency Index^' ^ as a 
method of satisfying these requirements. This method 
(see Section 2) involves the calculation of the 
reproduced chromaticity and luminance of each of a 
number of test colours under the two conditions of 
scene illumination followed by a numerical assessment 
of the difference in reproduction using a colour- 
difference formula. The method is thus quite general 
in character, satisfying Item 3 of the programme of 
work. Specific values have to be attributed to all the 
parameters used in defining the colour television 
process, as well as to such items as the lest colour set 
and the spectral power distribution of the reference 
illuminant (or illuminants), in order to define a 
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"general" Index (see Appendix 1), but "special" 
Indices can be envisaged to take account of any 
departures from these defined general conditions that 
may be considered necessary. This procedure closely 
follows the principles already laid down for the 
Colour Rendering Index (Ra) and indeed the concept 
of the Television Consistency Index is modelled on 
this earlier formulation. However, whilst the calculation 
of the Colour Rendering Index is carried out using a 
reference illuminant of similar chromaticity to that of 
the lamp under consideration, only two reference 
illuminants are used in the case of the Television 
Consistency Index: these are chosen to represent 
conventional incandescent ("tungsten") studio lighting 
on the one hand, and natural daylight on the other 
(see Section 2.2). Furthermore, in line with Item 4 
above, the CIELUV 76 colour-difference formula has 
been adopted instead of the 1964 "uniform colour 
space" formulation. The CIELAB formula was not 
used as it was thought to be inappropriate to an 
additive colour reproduction process (in the sense that 
a chromaticity diagram is not associated with it) and, 
further, that colour-difference values using a white 
point that approximates to D65, such as is the case in 
television displays, are similar for both the CIELUV 76 
and CIELAB 76 formulae. 

The Television Consistency Index uses the 
principle that a lamp would be considered suitable for 
colour television if it gave consistency of colour 
reproduction (i.e. little colorimetric change) when the 
scene was illuminated first by the lamp under test, and 
then by one or the other of two "reference 
illuminants" which represented present-day practice in 
studio and outside-broadcast television lighting. A 
difficulty in using such a method is that the effect of 
using different light sources for television scene 
illumination is influenced to some extent by other 
parameters of the television system, of which the most 
important is the set of colour analysis characteristics 
(spectral sensitivities) of the camera which is in use. 
Index values appropriate to one set of camera 
characteristics will differ somewhat from corresponding 
values (i.e. referring to the same lamps) using another 
set of characteristics. The question then arises: is the 
influence of the camera analysis characteristics rather 
weak, so that tests on the lamps conducted using one 
camera may be directly applied when another camera 
is used; or, alternatively, do the Index values depend 
so strongly on the camera analysis characteristics that 
the Index values obtained using one camera give no 
indication of the values which would be obtained 
using another camera? In the first case, a particular 
light source would affect the colorimetric behaviour of 
different makes and types of camera in a reasonably 
similar manner; furthermore, a single "reference" set of 
camera analysis characteristics'' could be used in the 
calculation of the Television Consistency Index values. 



making it possible for these values to be calculated 
without prior knowledge of particular camera character- 
istics. In the second case it would be necessary to take 
account of the make and type of camera when 
choosing light sources for television studio lighting, 
and the use of the Television Consistency Index would 
be confined to the examination of the effect of using 
different light sources in conjunction with particular 
cameras. One of the principal objectives has therefore 
been to assess the degree to which camera analysis 
characteristics affect Television Consistency Index 
values. 



used:- 



Two principal methods of analysis have been 

(a) Regression analysis 

(b) Rank order difference analysis 



In both cases the analysis has been in terms of 
comparisons between two sets of Index values, each 
involving the same lamp spectral power distributions 
(Section 2.4) but differing in the camera analysis 
characteristics used in the calculations (Section 2.3). 
Regression analysis (see Section 3.1) will indicate the 
degree of certainty with which the Index values 
obtained using one camera can be used to predict 
values which would be obtained using another camera. 
Using regression analysis, upper and lower bounds can 
be calculated, within which the predicted value will 
fall with a given probability. An important aspect of 
the use of the Television Consistency Index, however, 
is the ability to order or "rank" a number of lamps in 
terms of their suitability for use in television scene 
lighting. This aspect is of particular importance to 
lamp users who may in future be involved in making 
decisions on which one of a number of lamps to use 
in a studio. The answer to the question as to whether 
the influence of the camera does or does not affect the 
general validity of the use of the Television Con- 
sistency Index now hinges on whether the rank orders 
of lamp suitability, in terms of Television Consistency 
Index value, do or do not differ significantly from 
camera to camera. Rank order analysis, as discussed in 
Section 3.2 of this Report, provides a method of 
assessing the significance of these rank order 
differences. 

A series of field trials was undertaken to 
establish whether the theoretical results described in 
Sections 2 and 3 were borne out in practice. Three 
sets of trials were carried out, two using a tungsten 
lamp as reference illumination to give a standard 
reference picture and one using one of the test lamps, 
which had a spectral power distribution similar to that 
of daylight, as a reference (although this lamp was not 
entirely satisfactory for the purpose). All the field trials 
used a set of eight test lamps whose colour rendering 
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varied from very good lo poor (at least when judged 
by their General ColoLir Rendering Index values). The 
first Field Trial used a test scene in which two people 
were seated in front of a "pop art" background. A 
total of 37 observers made judgments on the 
colorimetric consistency of reproduction. Two modes 
of viewing were employed, using alternate picture 
presentation in one case, and a split-screen technique 
in the other. The second Field Trial used an 
Edwardian drawing room scene containing a seated 
figure. A total of 27 observers made judgments of 
consistency using only the alternate form of presenta- 
tion. The third Field Trial used the same material as 
the first, but the video tapes were re-edited so that the 
picture obtained when using the "daylight-like" test 
lamp (see above) was taken as the reference. In this 
case 1 8 observers took part. The detailed results of all 
three field trials are given in Appendix 2, and these 
results are discussed in Section 4, 



2. CALCULATION OF TELEVISION CONSISTENCY 
INDEX VALUES 

2.1 Introduction 

Following the procedure used in deriving the 
CIE General Colour Rendering Index, it is proposed 
that an average Index value is taken over a number of 
test colours representing the complete gamut of scene 
colours that can be reproduced by the television 
system. Because of the particular importance attached 
to the correct reproduction of skin tones, a second 
average is taken over a number of skin-tone test 
colours to give a "skin-tone" index. Furthermore, 
because the presence of one inconsistently reproduced 
colour (or perhaps a few such colours) in an otherwise 
consistently reproduced scene would have an adverse 
subjective effect much greater than the overall average 
Index would suggest, the "worst" (i.e. numerically 
lowest) Index value out of the Indices obtained for the 
individual test colours is also quoted, together with the 
identifying number of the particular test colour 
concerned. These considerations suggest that the 
Television Consistency Index should be expressed as 
four numbers: 

(i) Overall Index. 
(ii) Skin-tone Index. 
(iii) Worst Index. 

(iv) Number of the test colour giving the 
worst Index. 

Such a presentation is however rather cumbersome, 
and it may be possible to combine the first three 
parameters into one quantity. In fact, although skin- 
tone reproduction is very important, skin-tone Indices 
are numerically higher than the average over all test 
colours, because of the relatively low saturation of 



skin-tone test colours. Skin-tone Indices also show 
good correlation with the overall Indices. Thus it may 
not be necessary to take account of specific skin-tone 
Index values: a lamp showing a good overall value is 
very unlikely to give poor skin-lone reproduction. 
(Note, however, that the converse is not necessarily 
true: lamps exist which give good skin-tone repro- 
duction but poor reproduction of other colours). 

2.2 Formulation 

In the calculation of the Television Consistency 
Index a set of test colours is assumed to be reproduced 
by a television system under two conditions: first with 
the test colours illuminated by the lamp under test, as 
shown on the right of Fig. 1, and then with the 
colours illuminated by a "reference" illuminant, as 
shown on the left of the Figure. In each case the 
television system is balanced (i.e. the relative gains of 
the colour separation channels are adjusted) so that 
achromatic scene objects are reproduced with the 
chromaticity of the display white poinL Following the 
procedure proposed for the calculation of the CIE 
Colour Rendering Index from the chromaticities and 
luminance values of directly-illuminated test colours 
(Fig. 1)^ and using the recommendations made by the 
CIE in 1976* (see Appendix i) the results of the two 
conditions of reproduction are compared, colour by 
colour. The Television Consistency Index for the /" 
test colour (Ru) is then given (still following the 
Colour Rendering Index procedure) by the expression: 



R„ 



100 



4.6 i£*„,, 



(1) 



where AE*uv.i is the colour difference for the /'^'' test 
colour, as given by the CIELUV 1976 colour 
difference formula. (Note that the constant "4.6" is 
carried over from the original Colour Rendering Index 
formula, which was based on the CIE 1960 Uniform 
Chromaticity Scale and the 1964 Uniform Colour 
Space. It has been suggested^"^ that this value may not 
be appropriate when the CIELUV 76 colour difference 
formulation is used. In any case, it may be appropriate 
to modify this value when greater experience has been 
gained in the behaviour of the Television Consistency 
Index, as discussed in Section 5.) Following the 
calculation of the Television Consistency Index for 
each test colour, averages are taken over certain test 
colour sets as described in Section 2.3. 

It may be noted that in some earlier work the 
value of A £■*;,,., (see Eqn. I) was obtained using the 
original (1964 U*V*W*) colour difference formula^. 
Consistency Index values calculated in this way are 
very similar to those calculated using the CIELUV 
1976 formula, and in general the same conclusions 
may be drawn from Index data obtained using either 
formula. 



(PH-290) 



-3- 



reference 

illummant 




test 
illuminant 


■ 


1 












test 
colour 




comparison 




test 
colour 






1 


■ 






■ 






1 


' 


camera 

channel 




Colour Rendering 
Index 




camera 

channel 


1 


' 












1 


' 


colour 

display 




comparison 




colour 
display 












' 


1 










Television Consistency 
Inden 





Block diagram showing method of 

calculation of the 

Television Consistency Index. 



In the foreseeable future, lungsten lighting will 
coniinue lo be used very frequently in studio 
applications, and it is obvious that daylight will be the 
normal illumination for the majority of outside events. 
The purpose of the Television Consistency Index 
therefore becomes the assessment of lamps for lighting 
television scenes that will most likely be intercut with 
(or at least be viewed very shordy before or after) 
other scenes which have been illuminated with either 
a tungsten source or with daylight. Two reference 
illuminants have therefore been selected: Pmioc (a full 
radiator at a temperature of 3000K) to represent 
studio working using tungsten illumination, and Dt,5 
(reconstituted daylight having a correlated colour 
temperature of approximately 6500K) to represent 
outside broadcast operations. Consistency Index calcula- 
tions are carried out using each reference illuminant in 
turn. If one of the resulting Index values has a value 
high enough to ensure that lamp performance is 
satisfactory, then the lamp may be categorized either 
"studio compatible for television" or "daylight com- 
patible for television" depending on which reference 
illuminant gives rise to this high-value Index. (It may 
be noted that the actual Index value above which 
lamp performance may be deemed satisfactory has not 
yet been determined with precision: this aspect is 
discussed in Section 5.) This assessment is intended to 
replace the use of correlated colour temperature as a 
description of lamp colorimetric performance in 
television scene lighting applications. 

2.3 System parameters 

Tests have shown that very good correlation 
exists between Index values calculated for the same 
lamps using different test colour sets (see Section 3.5) 



provided that the sets used explore the colour 
television colour gamut adequately. Coincidentally, the 
degree of correlation between values obtained using 
each of three test-colour sets (the Macbeth Color 
Checker, the "EBU" set and the "original" set 
described in Section 3.5) is the same as the correlation 
obtained using different camera analysis characteristics 
(see Section 3.1). The absolute values, or "scale", of 
the calculated Indices do however depend on the test 
colour set and so it is necessary to specify a particular 
set when putting forward parameters for a "general" 
Index. Most of the theoretical work has been based on 
an "overall" index value taken over 25 test colours 
which include the eight BBC desaturated colours, the 
eight BBC skin tones, the eight CIE desaturated 
colours'' and the CIE skin tone^. 

The television system parameters used in the 
calculation of Index values are, as far as possible, 
typical of current practice. An overall transfer 
characteristic ("gamma") of 1.2, and a reference 
"white" of 60% reflectance, are used. Linear matrixing 
is assumed to be applied lo the colour-separation 
signals, the coefficients being chosen to give best 
colorimetric performance using the two reference 
illuminants. Emphasis has been placed on the use of 
the "extended-red" category of colour television 
cameras (which are not subject to a restriction of the 
response of the red channel to wavelengths below 
about 650 nm, caused by the characteristics of some 
lead-oxide camera tubes), as this category now largely 
represents present-day practice in camera design. Eight 
sets of such extended-red characteristics, derived from 
measurements of colour television cameras of broadcast 
quality, have been used. In each case the camera 
matrix coefficients used in the calculation were those 
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used operationally. All the cameras were three-tube 
and of the conventional RGB type except one, which 
was of the "wide-green" or RYB type. The signal 
processing of this type of camera is very similar to that 
of a four-tube ("YRGB") camera. The picture was 
assumed to be displayed using the European Broadcast- 
ing Union (EBU) set of display phosphor chroma- 



ticities'". 

Television Consistency Index values have also 
been calculated using an extended-red "reference" 
analysis, the purpose of which would be to enable a 
"general" Consistency Index to be calculated without 
prior knowledge of any particular camera analysis 
characteristics. These reference characteristics, which 
are shown in Fig. 2, were derived by considering the 
positive lobes of the theoretically "ideal" analysis 
characteristics required for the EBU set of display 
phosphor chromaticities, without reference to any 
practical camera. They were used in conjunction with 
camera matrix coefficients calculated for the EBU 
display chromaticities and given by the relationship: 



Rin 




r 


Cm 


= 




Bn, 







1.138 -0.175 

-0.112 1.151 

0.000 -0.091 



0.037 




R. 


0.039 




G. 


1.091 




Be 



(2) 



where Rm, Gm and B„ are the red, green and blue 
matrixed colour-camera signals, and Re, Gt and Be are 
the corresponding camera-tube signals. It may be 
noted that NTSC (or any other) phosphor chroma- 
ticities, with the appropriate 3X3 matri.v, would 
have been equally vahd. 

Work was also carried out using three sets of 
practical "narrow-red" (i.e. subject to the wavelength 
restriction mentioned above) camera analysis character- 
istics, together with a corresponding narrow-red 
reference analysis. 

2.4 Lamp spectral power distributions 

Two principal sets of lamp spectral power 
distributions (spd's) have been used to derive the 
Index values used in the tests. It is hoped that these 
spd's give a good representation of lamps likely to be 
encountered in practice. Both of these spd sets have 
been derived by J.J. Opstelten. In the first place, 63 
lamp spd's have been derived by combining the 
spectral power distributions of various phosphors in 
the case of fluorescent lamps, or additives in the case 
of high-intensity discharge lamps. As the lamps 
represented by those spectral power distributions have 
not been constructed physically, the spectral power 
distributions must be regarded as hypothetical and 
only an approximation to the actual spectral power 
distributions that would be obtained by the given 
combinations of radiating components. This is panicu- 
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larly true in the case of discharge lamps where the 
spectral power distributions of the additives are not 
mutually independent. Nevertheless the 63 hypothetical 
spectral power distributions may be regarded as typical 
of a large range of discharge lamps. In calculating the 
spectral power distributions of these lamps, they were 
arranged to be in sub-sets or "lamp families". Each 
family consists of seven members: the chromaticities of 
four members correspond to full (Planckian) radiators 
at temperatures (or in other words have "colour 
temperatures") of 2600K. 3000K, 3500K and 4200K, 
and the chromaticities of the other three members 
correspond to reconstituted daylight with correlated 
colour temperatures of 5000K, 6500K and 8000K 
(Fig. 3). There are nine families in all. In any one 
family (with one exception) the constituents of the 
lamp (i.e. the phosphors or additives within it) are the 
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Fig. 3 - Chromaticities for first (hypothetical) set of lamp 
spectral power distributions. 
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same, but the proportions of these constituents are 
varied from lamp to lamp to give the required 
chromaticities. The exceptional lamp family did not 
represent either a fluorescent or a high-intensity 
discharge lamp, but consisted of the actual full-radiator 
or reconstituted daylight spectral power distributions 
themselves, The 63 spectral power distributions could 
also be grouped in a different way, so that each sub- 
set consisted of "lamps" of identical chromaticity, but 
of different spectral content. There were seven such 
groups, each having nine members. The second set of 
lamp spd's consists of the measured characteristics of 
66 practical lamps, again including both fluorescent 
and high-intensity discharge lamps. In this case no 
exact grouping in terms of lamp chromaticity is 
possible, but the lamps have been categorised into ten 
families of restricted chromaticity range. (One family 
is exceptional in that it includes all lamps of colour 
temperature greater than 6450K). 

3. THEORETICAL EXAMINATION OF PROPERTIES 
OF THE TELEVISION CONSISTENCY INDEX 

3.1 Regression analysis of Television 
Consistency Index data 

Two Consistency Index values may be calcula- 
ted in which all the parameters entering into the 
calculation are the same, except for one (for example, 
the camera analysis characteristics). These two values 
may then be regarded as the Cartesian co-ordinates of 
a point, which may be plotted on a graph. If this 
process if repeated, using the different lamp spectral 
power distributions in each case, a "scatter diagram" is 
obtained (Fig. 4) which portrays the relationship 
between Indices calculated using one set of camera 
analysis characteristics and those calculated using 
another set of analysis characteristics. The scatter 
diagram shows that there is a strong tendency for the 
two sets of Index values to be related, but that there is 
an element of randomness in this relationship, and so 
it is not perfectly functional. This state of affairs is not 
surprising, as there is an element common to both sets 
of Index values (the lamp spectral power distributions) 
which would tend to lead to similarities in the Index 
values obtained for each lamp, and there is also an 
element which differs between one set of Index values 
and the other (the camera analysis characteristics) 
which could tend to produce differences in the Index 
values obtained for particular lamps. The result of 
such analysis is the derivation of the equation of a 
(straight) "line of best prediction" of Index values 
which would be obtained under the conditions shown 
for the y-axis of the scatter diagram, using as a basis 
for such predictions the corresponding values obtained 
using the x-axis conditions. Such predictions are 
subject to an "uncertainty" value (+7j), such that there 
is a 95% probability that the predicted value will be 



within this range (this criterion is widely regarded as a 
reasonable measure of significance, and is felt to be 
appropriate in the present case). This uncertainty can 
be represented on the scatter diagram by two further 
straight lines having the same gradient as the line of 
best prediction, but being separated from it in the 
y-direction by ± 77 in the cases of the upper and lower 
lines respectively. 

If individual predictions of Consistency Index 
value are subject to an uncertainty of ± rj, as described 
above, then it can be shown that a difference between 
two such predicted Index values which is less than 
I.16?7 does not differ significantly from zero. Two 
lamps whose predicted Index values differ by less than 
this amount should therefore be regarded as being the 
same in respect of their suitability for television scene 
lighting. 

Inspection of Fig. 4 shows that although the 
points in the scatter diagram are indeed contained 
within the limit lines as predicted by statistical theory, 
the lines do not represent the actual distribution of the 
points very precisely, especially for high Index values. 
Another set of limit lines can be derived by carrying 
out regression analysis not on the Consistency Index 
values, but on the logarithms of the colour differences 
(see Equation 1) from which they are formed, This 
process is here termed "non-linear" regression analysis. 
When converted back into Consistency Index terms, 
these limit lines diverge from the {100 J 00) point on 
the scatter diagram on each side of the line of best 
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fig. 4 - lUusiraiion of scalier diagram, showing results of 
linear regression analysis. 

Line of best prediction 

■ Limit lines stiowing uncertainty of prediclion. 

Rix and Riy are Television Consistency Index values 
calculated using, for example, two different sets of 
cannera analysis ctiaracteristics 
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prediction, as shown in Fig. 5, The uncertainty value 
is proportional to the amount by which the predicted 
Index value differs from one hundred. In this case the 
limit lines correctly represent the distribution of points 
on the scatter diagram for high Index values but give 
rather large uncertainty values for lower Index values. 
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fig. 5 - Ulusiratton uj scaaer diagram, showing results of 
logarithmic regression analysis. 

Line of best prediction. 

Limit lines showing uncertainty of prediction 

Rts and Rty : see Fig. 4. 

Since both sets of limit lines, as shown in 
Figs. 4 and 5, represent the statistical distribution of 
points on the scatter diagram, the two forms of 
expressing this distribution may be combined in such a 
way that the actual uncertainty value that is adopted is 
the lower of the values shown in Fig. 4 or Fig. 5. The 
resulting limit lines will be as shown in Fig. 6. The 
uncertainty value is independent of low Consistency 
Index value and in this case is equal to the value 
obtained from the linear regression analysis. The 
transition between the two forms of uncertainty value 
occurs at the Index value for which both methods of 
regression analysis give the same uncertainty value. 

The value of Consistency Index obtained for a 
particular lamp in the case of one practical camera 
can be used directly as a prediction of the Index value 
for ihe same lamp that would be obtained for another 
practical camera. If R, is this predicted value, then it 
would be subject to the following limits:- 



uncertainty = ± 7 /?, ^ 75 

uncertainty = ±0.28 (lOO-J?,) i?, > 75 



(3) 



Differences between two such predicted Consistency 
Index values are subject to an uncertainty which may 
be stated as:- 



uncertainty 

of difference = 8 ^,^75 

uncertainty 

of difference = 0.32 (100-^,) R, > 75 



(4) 



Here Ri is taken as the mean of the two Index values. 
It may be noted that these limits have been derived 
from data involving all eight practical extended-red 
cameras, both reference illuminants and both lamp spd 
sets (7224 data points). The parameters given in 
Equation 3 and 4 therefore disagree in detail with 
those that can be derived from Figs. 4 - 6, which refer 
only to one camera comparison, one reference 
illuminant and one lamp spd set. 
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Fig. 6 - lilustralion of scatter diagram, showing combined 
results of linear and logarithmic regression analyses. 

Line of best prediction. 

Limit lines shiowing uncertainty ot prediction. 

Ri, and Riy : see Fig. 4. 

3.2 Rank order difference analysis of Television 
Consistency Index data 

Consistency Index values obtained for a 
number of lamps can be used to "rank" the lamps in 
order of merit as far as their suitability for television 
scene lighting is concerned. The rank order obtained 
in this way may alter if the camera analysis 
characteristics used in the calculation of the index 
values are changed. Rank order difference analysis®'^ is 
intended to measure the confidence with which the 
rank order obtained using one set of camera 
characteristics can be used to predict the order that 
would be obtained using another set of characteristics. 

As in the case of regression analysis (see 
Section 3.1), rank order difference analysis is carried 
out between two sets of Consistency Index values, 
each set referring to the same lamp spectral power 
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distributions and reference illuminant, but differing in 
the camera analysis characteristics used in the 
calculation. Rank orders are assigned to each lamp, 
using in turn the two sets of Consistency Index values. 
For each lamp, the numerical difference in the two 
orders obtained in this way is taken, and the square of 
this value is calculated. The sum of these squared 
values IS then taken, over the complete set of lamps 
(or in other words over all the items in the rank 
orders), to give the difference coefficient A. Thus if a, 
b. c, d... and p, q, r, s... are the rank orders under 
comparison {the lamps themselves being in the same 
position in each tabulation of rank order) then: 

^ - (a-pf + (b-gf + (c-rf + {d-sf +... (5) 

Except in the case of "tied" rank orders (when 
two or more lamps have the same Consistency Index 
value), difference coefficient values are always even 
integers. The value zero occurs when the two rank 
orders are the same, and the greatest possible value 
occurs when one rank order is the reverse of the other. 
All the possible values of A between these two 
extremes occur in principle at least once, but the 
number of rank order comparisons corresponding to 
each value of ii depends in a rather irregular way on 
this value. The cumulative distribution of the individual 
values of Zl has been tabulated for different numbers 
of items in each rank order, and from this the 
probability of a difference coefficient being less than 
or equal to its actual value, assuming that the rank 
orders themselves are mutually random, can be 
derived. Statistical analysis then enables a limiting 
value of difference coefficient to be chosen, such that 
if the actual difference coefficient given by the rank 
order difference analysis is less than this limiting value, 
then there is only a probability of 0.05 or less that the 
two rank orders under consideration would have been 
as similar to each other, as is in fact found to be the 
case, purely by chance. In this case one rank order 
may be regarded as a reliable agent for predicting the 
other. If this criterion is not satisfied, then the two 
rank orders are described as being "significantly 
different". Comparisons between all possible pairs of 
Television Consistency Index data sets, involving all 
eight extended-red practical cameras as well as the 
extended-red reference analysis, then give an overall 
view of the ability to predict rank orders appropriate 
to one camera analysis from results found using 
another such analysis. 

[t should be noted that, when carrying out the 
rank order difference analysis, the "uncertainty" of 
Consistency Index value derived from regression 
analysis (see Section 3) is disregarded. Only if two 
Index values were the same (to two decimal places) 
were the rank orders of the two lamps regarded as the 
same. This procedure was adopted because this type of 



analysis is not well suited to situations in which a 
large number of such "tied" rank orders are present. 

The implication of the "5% probability 
criterion" used to judge whether or not two rank 
orders are or are not significantly different should 
perhaps be examined. This is in fact the same criterion 
as was used in regression analysis to decide on the 
uncertainty limits of Consistency Index value: as stated 
before, this limit is widely regarded as a "reasonable" 
criterion of significance. Because there are a large 
number of possible rank orders (the factorial of the 
number of items being ranked), the number of rank 
order differences considered insignificant (5% of the 
total number of possible rank orders) can still be 
considerable. Thus "insignificance" of rank order 
difference must not be taken as implying zero or even 
"very little" difference. Instead, the difference is less 
than can reasonably be expected purely by chance, 
and is therefore due (as discussed in the context of 
regression analysis) to the predominant influence of 
the element common to both sets of Index values (the 
lamp spectral power distributions) as compared with 
the element differing between one set of Index values 
and the other (the camera analysis characteristics). 

Rank order difference analysis has been carried 
out over both of the complete sets of lamp spectral 
power distributions ("hypothetical" lamps and 
"practical" lamps) and also over the individual sub- 
sets or "families" in each of these sets. In both overall 
rank order comparisons, it was found that the 
difference coefficient never exceeded or even 
approached the value corresponding to the 5% 
probability criterion (indeed, the highest difference 
coefficient corresponded to a probability of only about 
0.01% that the two rank orders would have been as 
similar to each other as was in fact found, purely by 
chance). Thus it can be claimed that a rank order 
obtained over either complete set of spectral power 
distributions using one extended-red camera analysis 
may reasonably be used to predict the rank order that 
would be obtained using another such camera analysis. 
More specifically, this implies that Index values 
derived using the extended-red reference analysis 
provide a basis for ranking lamps in the order of merit 
that would be obtained using practical extended-red 
cameras. 

Attention may now be turned to the rank 
order difference analysis carried out within the 
individual sub-groups or "lamp families" into which 
the two sets of spectral power distributions were 
divided (see Section 2). Considering the seven 
"identical chromaticity" sub-sets within the 63 hypo- 
thetical spectral power distributions, and the ten sub- 
sets of restricted chromaticity range, within the 66 
practical spectral power distributions, only one of 



(PH-290) 



these sub-sets (five practical high-intensity discharge 
lamps in the correlated colour temperature range 
2550K - 3150K) showed any significant rank order 
differences, despite the fact that uncertainty of 
Consistency Index value was ignored in this analysis. 
If this uncertainty is taken into account, the rank 
orders obtained using either of the practical cameras 
involved in this disagreement were compatible with 
the rank order obtained using the extended-red 
reference analysis. It therefore seems reasonable to 
infer that Consistency Index values calculated using 
the reference analysis provide a sound basis for 
deriving a rank order of a number of lamps, which 
will be applicable to all practical cameras of broadcast 
quality, when lamps of similar chromaticity are being 
compared. 

Rank order difference analysis has also been 
carried out over the nine original sub-sets or "lamp 
families" of the 63 hypothetical lamp spectral power 
distributions, in which the lamps were grouped in 
terms of the constituents that they contained. These 
sub-sets each contain a much wider range of lamp 
chromaticities than the "identical chromaticity" or 
"restricted chromaticity" sub-sets discussed previously, 
and significant rank order differences were found to be 
present in five sub-sets out of the nine. This seems to 
indicate that lamp chromaticity could be used as a 
very general guide to performance, in order to avoid 
including too wide a chromaticity range in groups of 
lamps that are being assessed for their suitability in 
television scene lighting, using Consistency Index 
predictions. The results described in the previous 
paragraph indicate that under these conditions reliable 
assessments of lamp rank order will be obtained. 

3.3 The use of the reference camera analysis 
characterislics for calculating Television 
Consistency Index values 

It was outlined in Sections I and 2 of this 
Report that, if an Index value calculated using one set 
of camera analysis characteristics could be used to 
predict the value that would be obtained using another 
such set of characteristics (within a reasonably small 
margin of uncertainty), then a "reference" set of 
camera analysis characteristics could be used in 
calculating a "general" Index value for a particular 
lamp, independently of any particular practical-camera 
characteristics. The set of reference camera analysis 
characteristics shown in Fig. 2 has been derived for 
the purpose of representing practical extended-red 
colour cameras without invoking the characteristics of 
particular practical cameras of this type. The question 
then arises whether or not this set of characteristics is 
the most suitable that could be derived for this 
purpose, Work carried out using linear regression 
analysis indicates that the reference characteristics of 



Fig. 2 are considerably "better than average" in 
predicting Index values, when the accuracy of 
prediction (measured by the average correlation 
coefficient) given by these and all eight extended-red 
practical sets of characteristics is considered. Neverthe- 
less, two of the practical cameras showed (by a small 
margin) better accuracy of prediction using this 
measure of performance. In the rank order difference 
analysis involving the grouping of "hypothetical" lamp 
spectral power distribution into sub-sets of identical 
lamp phosphors or additives, on the other hand, it was 
found that fewer significant rank order differences 
were obtained when the extended-red reference 
analysis was one of the pair of camera characteristics 
involved in the comparison, as compared with the 
cases when any one of the practical cameras was 
involved. This method of analysis therefore showed 
the reference camera analysis characteristics as being 
the most suitable for representing practical cameras. 
Because of the differences found between one practical 
camera and another it is hard to envisage a further set 
of camera characteristics which would give a markedly 
better representation of all practical cameras than is 
the case with the present reference camera analysis. 
Indeed, the best that can really be expected from the 
reference camera analysis is that the disagreement 
between Index values calculated for a particular lamp 
with its use and those calculated using practical 
camera characteristics should on average be no greater 
than the corresponding average disagreement when 
two practical camera characteristics are involved. The 
present reference camera analysis appears to satisfy 
this criterion and it therefore seems appropriate to 
select it for representing all practical cameras. The fact 
that it was derived without invoking any practical 
camera means that there can be no tendency for it to 
convey any implications which might encourage the 
acceptance (or rejection) of a particular manufacturer's 
product: this might occur if a practical camera were to 
be used as a "reference". 

3.4 A brief survey of "worst Index" results 

This discussion relates to the worst (numerically 
lowest) Consistency Index value obtained over the 
complete test colour set, and to the particular test 
colour giving this Index value (see Items iii and iv of 
Section 2.1). A count has been made of the number of 
occasions on which any test colour gave rise to a 
"worst Index" value, using both of the lamp spectral 
power distribution sets described in Section 2.4. The 
extended-red camera analysis characteristics have again 
been used. Fig. 7 shows the overall result of this 
survey. Each point on the diagram has coordinates 
indicating the chromaticity of the test colour con- 
cerned, and the area of the circle round it is 
proportional to the percentage of worst Index results 
given by that test colour. It can be seen that although 
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Fig. 7 - Chromatiades of ie.\i colours giving "worst Index" 
values. 

Area ot circle surrounding point proportional to percentage of 
worsi Index values (also shown in brackets) 

colours in the "pink" or "purple" regions of the 
chromaticity diagram predominate, there are a number 
of test colour chromaticilies that give a significant 
fraction of worst Index results. For this reason the 
quotation of the test colour number in the complete 
expression of the Consistency Index appears to be 
justified. The reason for over half the "worst Tndex" 
values appearing in the "pink" and "purple" regions of 
the colour gamut is that, in general, the spectral power 
distribution of discharge lamps shows a deficiency in 
the far red, as compared with either of the reference 
illuminants. The effect of this on television colour 
reproduction is to cause such colours to shift towards 
blue. This reproduction error is particularly noticeable 
when using the PjonM reference illuminant, since the 
power differences between the reference and test 
illuminants in the far red are then greater than if the 
Dfts reference is involved. In this case over 70% of the 
worst index values are given by the pink or purple test 
colours. It is of course true that an important benefit 
of using discharge lamps for scene lighting is the 
reduction of the relative power of the infra-red 
component; however the phenomenon of the worst- 
case errors appearing mainly in the pink and purple 
test colours seems to show that this power reduction 
starts at too short a wavelength. Control of the 
analysis characteristics of a colour television camera in 
the far red is an important problem in "present-day" 
cameras as the camera tube itself is inherently very 



sensitive at such wavelengths: indeed camera tubes 
often have an "infra-red" filter incorporated into their 
face-plates- The problem was much less severe when 
the earlier "narrow-red" camera tubes were used as 
these were insensitive to wavelengths above about 
650nm (see Section 3.6). 

3.5 Test colour sets 

Regression analysis has been carried out 
between Index values using three test colour sets, as 
follows:- 

1. The "original" test colour set of 25 test 
colours used in all the theoretical work up 
to the present time. (Note that this set 
includes eight skin tones.) 

2. The "Macbeth" test colour set^\ This 
consists of the measured spectral reflect- 
ance characteristics of the 18 colour 
samples used on a Macbeth Colour 
Checker, which correspond to numbers 
CR35 to CR52 inclusive in a proposed 
CIE set of test colours for colour 
reproduction. The first two colours rep- 
resent Dark and Caucasian skin tones 
respectively and can be used to obtain a 
skin tone index. The remaining 16 colours 
were used to calculate the overall index. 

3. A set of test colours, based on the "EBU" 
test colour set. This comprises the pro- 
posed CIE test colours CROl to CR08 
inclusive (the desaturaied colours CIE 
TC-3.2 numbers 1 to 8) plus six colours 
of medium saturation considered for use 
by the European Broadcasting Union 
(EBU) corresponding to proposed CIE 
colours numbers CR2I to CR26 inclusive. 
This set of test colours does not contain 
any skin tones. (It may be noted that the 
test colour set as described above is in fact 
a subset of the full "EBU" set, which also 
contains the colours CIE 9-14 inclusive.) 

Each set of calculations was carried out using the 
procedure described in Section 3.1. and using the 
television system parameters described in Section 2. 
When calculating Index values using the "new" test 
colour sets (Items 2 and 3 above), however, it was 
found that these sets contained samples having spectral 
reflectances which produced separation signals higher 
than those from the 60% reference white. A facility 
was therefore incorporated into the program used to 
calculate the Index values which emulated a camera 
with "auto-iris". The camera was considered to be 
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initially set-up on a 609c reflectance white and was 
then colour balanced. This provided a 100? video 
signal in each of the camera's separation channels. If a 
set of test colours contained samples which produced 
signals greater than given by the reference white, the 
levels of all the separation signals were reduced by the 
same factor to bring the level of the largest signal to 
the reference white level. In other cases, where no 
separation signal exceeded the reference white level, 
the original signal levels were not altered. 

It is worth noting that the above-described 
procedure may be implemented in two ways. If, on 
the one hand, the two sets of separation-signal values 
corresponding to the use of either the test lamp or the 
reference illuminant are normalized independently of 
each other, then the general luminance levels of the 
two displayed pictures found in the two cases could 
well be different (in other words, if an achromatic test 
colour was introduced into the test colour set. giving 
colour separation signal levels below the largest value 
to which all the others were normalized, then the 
corresponding display luminance woud be different 
when using the test lamp and the reference illuminant). 
This factor would affect the calculated value of 
Television Consistency index. On the other hand, 
signal normalization could be carried out by first 
calculating colour-separation signal levels for both the 
test lamp and the reference illuminant, and then 
selecting the largest colour-separation signal among all 
these values as the normalization factor. This procedure 
avoids the change in luminance level which could take 
place when the two sets of colour-separation signals 
are normalized separately, and is perhaps more 
rigorously correct from a purely "colori metric" point 
of view. However, if different lamps are used in 
practice to illuminate scenes in a production which are 
then to be intercut for sequential viewing, the shooting 
of those scenes is likely to take place on separate 
occasions with appropriate adjustment of camera 
exposure in each case. The first procedure (separate 
signal normalization for each scene illuminant) is 
therefore more in accord with operational practice and 
has been adopted in the calculation of the Television 
Consistency Index. Changes in Index value which may 
arise because of the use of this procedure then reflect 
changes in overall picture reproduction that would 
occur in practice. 

Only "overall" Television Consistency Index 
values (averages over a range of test colours 
representing the colour television reproduction gamut) 
were considered. Furthermore, only hnear regression 
analysis of the Consistency Index values was used in 
the present work. The "non-linear" regression analvsis 
technique, involving a comparison of the logarithms of 
the colour-difference corresponding to Consistency 
Index values (see Fig. 5) has not been used. 



The results of the analysis described above 
showed that (as previously mentioned in Section 2.3) 
the degree of correlation between Index values 
obtained using each of the three test-colour sets (and 
the same camera analysis characteristics) was the same 
as the correlation obtained using different camera 
analysis characteristics (and using the same test-colour 
set). The absolute values or "scale" of the calculated 
Indices do however depend on the test colour set used 
and so it is necessary to specify a particular set when 
putting forward parameters for a "general" Index. 

It was also found that the uncertainty in 
Television Consistency Index value, due to the use of 
one set of camera analysis characteristics rather than 
of another, is virtually independent of the test colour 
set used in the calculations. This latter consideration 
indicates that it is unlikely, al least on the evidence at 
present available, that a particular test colour set can 
be selected which is "best" in the sense of giving 
greater accuracy of Television Consistency Index 
prediction. These results also indicate that the 
extensive theoretical work carried out on this subject 
using the original test colour set is applicable when 
other test colour sets are involved (provided, of course, 
thai such sets reasonably explore the colour television 
reproduction gamut). 

The conclusions which were made from the 
analysis discussed above confirmed earlier work 
involving a large number of colours from which 
groups of colours were taken to form a number of 
test-colour sets. Results obtained using such sets of test 
colours do have to be interpreted with some care, 
since there will be a tendency for correlation to 
increase as greater numbers of colours are selected to 
make up the test colour sets (i.e. as the sets approach 
more closely the original distribution of colours). 
Nevertheless, this work showed that a meaningful 
"overall" Index could be calculated with fewer colours 
than the 25 originally used, if the distribution of 
colours was carefully considered. 

It is important to note that the individual test 
colour patches on Macbeth Color Checker test charts, 
now currently available, although very similar in 
appearance to the patches on the originally-published 
chart, are not necessarily identical to them in terms of 
spectral reflectance characteristics: furthermore, the 
spectral reflectance characteristics of corresponding 
patches on individual charts may differ from one 
another. If this set of test colours is chosen as being 
suitable for use in calculating the "general" Television 
Consistency Index, then a defined set of spectral 
reflectance characteristics must be used in these 
calculations (see Appendix 1). Taken by itself this 
would seem to indicate that the Color Checker test 
colour set had little special merit over any other set of 
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hypothetical spectral data, apart from its particular 
property of covering the Television colour gamut. 
Nevertheless, Color Checker charts are widely used 
and provide a ready and familiar method of assessing 
the colour reproduction properties of a television 
system. Provided that the inconsistencies in the 
spectral reflectance characteristics of individual charts 
are not so great as to lead to serious errors in such an 
assessment, as the ready availability and wide 
acceptance of these charts by television organisations 
would seem to indicate, the use of the "defined" Color 
Checker data in calculating the General Television 
Consistency Index would have the merit of providing 
a worthwhile (if not strictly accurate) correspondence 
between theoretically-obtained Index values and 
practically-observed colorimetric performance. It may 
be noted that neither of the other two sets of test 
colours are as easily available in a practical realization. 
It is thought that the spectral reflectance characteristics 
of the two "skin lone" test colours on the Color 
Checker charts are sufficiently close to those of real 
skin for them to be used in the calculation of a skin 
tone Television Consistency Index (see Section 2.1), 
although work to test this assumption is as yet 
incomplete. 

3.6 The use of "narrow-red" colour television 
cameras 

The work so far discussed refers to the use of 
"extended-red" colour cameras in which the long- 
wavelength red response is not restricted (to below 
about 650 nm) by the characteristics of some lead- 
oxide camera tubes. Cameras are however still in use 
(and indeed provide certain advantages in fields other 
than camera colorimetry) in which this restriction 
applies. Analysis of "overall" Consistency Index data 
using this category of camera characteristics was rather 
restricted since only three sets of practical camera 
analysis characteristics were available, although histori- 
cally this work preceded the work using the extended- 
red category of cameras. The results of linear 
regression analysis using narrow-red camera character- 
istics showed that the degree of correlation between 
Index values obtained using one such set of 
characteristics and another, although still high, was 
lower than when extended-red characteristics were 
involved. The uncertainty in individual Index values 
was ±13 (compared with ±7 for the case of 
extended-red cameras: see Equation 3). Similar 
analysis involving narrow-red cameras on the one 
hand, and extended-red cameras on the other hand, 
gave (not unexpectedly) a still lower degree of 
correlation and led to an uncertainty value of ±16. 
Non-linear regression analysis was not attempted in 
either of these cases, but this method of analysis would 
still be valid and would lead to a reduction of 
uncertainly for high Consistency Index values as 



outlined in Equations 3 and 4. Nevertheless it can be 
seen that the Consistency Index values give a rather 
broad indication of the suitability of lamps for 
television lighting when the narrow-red category of 
colour television camera is concerned. Expressed 
another way, on the evidence of the three practical 
narrow-red cameras used in the analysis, such cameras 
differ between themselves more markedly than is the 
case with extended-red cameras, when the effect of 
changing the source of scene illumination from one 
lamp to another is concerned. In ihese circumstances 
no method of lamp categorisation can give a 
meaningful distinction between the general behaviour 
of two lamps of roughly similar colorimetric perform- 
ance. The same argument applies when considering 
colour television cameras in general (i.e. ignoring the 
distinction between the narrow-red and extended-red 
categories). 

4. PRACTICAL FIELD TRIALS OF THE TELEVISION 
CONSISTENCY INDEX 

4.1 Practical details 

In deriving the Television Consistency Index 
for a tamp, the calculated colorimetric performance of 
a television channel, using the lamp under test as scene 
illumination, is compared with the performance of the 
same channel using a "reference" illuminant. The 
comparison is made using a colour difference formula 
to quantify differences in the reproduction of each of a 
number of test colours, the test colour set reasonably 
exploring the gamut of television reproduction. The 
same concept is used in carrying out the practical field 
trials^. A television scene is illuminated first with the 
lamp under test and then with the reference 
illuminant, and each is recorded: subsequently the 
recording is edited so that observers may compare the 
reproduction of the scene obtained using the two 
lamps, and their opinion as to the consistency of 
colorimetric reproduction is noted using a suitable 
subjective scale. 

In order to make the results of tests carried out 
at different times and by different organizations 
directly comparable, the conditions of recording the 
test material and conducting the subjective tests were 
standardized. The scenes involving the use of different 
lamps were recorded in one continuous session so that 
camera line-up conditions would change as little as 
possible between each scene, and recordings of test 
charts were included (but not shown to the observers) 
to enable corrections to be made to the video signal if 
necessary. However, the scene itself differed from one 
set of tests to another, in an attempt to include a 
variety of "typical" television picture material. The 
voltage applied to each lamp was accurately measured 
and an adequate warm-up time was allowed before 
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making the recording. The test and reference signals 
were either presented to the observer alternately, to 
represent the effect of "inter-cutting" between scenes 
involving different lamps, or in some cases presented 
as a composite "split-screen" picture so that corres- 
ponding areas of the two pictures could be directly 
compared. Observers were asked to return one of the 
five opinions shown in Table 1: the "grades" 
associated with each opinion enabled the results to be 
handled numerically. 

Table I 
Subjective grades 



Opinion 


Grade 


Pictures show excellent consistency 
Pictures show good consistency 
Pictures show moderate consistency 
Pictures show poor consistency 
Pictures show very poor consistency 


5 
4 

3 
2 

1 



Three sets of comparisons have been carried 
out, using eight test lamps (three fluorescent and five 
high-intensity discharge). The number of lamps used 
was a compromise between obtaining test results over 
as large a sample as possible on the one hand, while 
keeping the number of test assessments within 
reasonable limits, to prevent observer fatigue and to 
make gathering the test material practicable, on the 
other hand. The correlated colour temperatures of the 
lamps were loosely grouped round two values, 
representing very approximately "daylight" and 
"studio" conditions. The lamps showed a wide spread 
between very good and rather poor colorimetric 
performance, although some grouping of both the 
Television Consistency Index and the General Colour 
Rendering Index values inevitably occurred. During 
the recording of the test material attention was paid to 
the technique of scene lighting so that the "modelling" 
(appearance of shadows etc.) changed as little as 
possible when one lamp was substituted for another: 
such differences could not however be entirely 
eliminated and represented a factor additional to the 
reproduced colorimetry which changed from lamp to 
lamp. Observers were advised to disregard such 
differences as far as possible, if they felt that they 
could with certainty distinguish between a change in 
modelling and a colorimetric change. 

Two sets of comparisons were made using the 
studio (P30Q0) reference illuminant. In the first of these 
comparisons the test scene consisted of two people 
(male and female) seated in front of a "pop-art" 
backdrop of a girl's face in bizarre colours, while for 
the second of the comparisons an Edwardian drawing- 
room scene was used, with a seated female figure in a 



dark dress reading a book. Both of these scenes used 
sets which had been adapted from previously- 
transmitted television productions, and they could 
therefore be regarded as "typical" programme material. 
The two tests were carried out by different broad- 
casting organizations. At a later stage, the recorded 
material used for the first set of tests was re-arranged 
so that one of the test lamps (Lamp No. 5) became 
the reference, as a substitute for using natural daylight 
for this purpose. Although this procedure could not 
give a precise correspondence between theoretical 
"daylight" indices and practical tests, statistical tests 
showed that Indices calculated using either daylight 
(Des) or Lamp 5 showed very high correlation. Thus 
three sets of trials have been carried out so far: 

Trial 1 - Pjooo reference (37 observers) 

Trial 2 - Piuuo reference (27 observers) 

Trial 3 - "Lamp 5" (daylight simulator) 

reference (18 observers): same test 
picture as Trial I. 

Details of the subjective test results obtained 
from these trials are shown in Appendix 2, while the 
calculated Television Consistency Indices for the lamps 
used in the tests are shown in columns 2, 3 and 4 of 
Table 2, 

Table 2 
Indices obtained for lamps used in practical field trials 



Lamp 


Television Consistency [ndex 
for indicated reference illuminant 


General Colour 

Rendering 

Index 






P!0(i[i ; D^^ 


Lamp 5 




I 


44.5 


51.7 


54.8 


57.1 


2 


51.6 


53.2 


57.7 


57.4 


3 


307 


24.1 


30.1 


30.6 


4 


80.8 


82.9 


87.6 


89.6 


5 


81.4 76.0 


92.8 


100 


97.3 94.4 


6 


72.1 


51.0 


57.6 


77.5 


7 


69.0 


71.6 


75.9 


76.3 


8 


77.0 


72.6 


79.0 


78.7 


9 (P3,J„o) 


100 


75.3 


81.4 


100 


D« 


75.3 


100 


92.8 


too 



Where tw/o values are shown for Lamp 5, the left-hand 
one refers to Trial 1 and the right-hand one to Trial 2. 



The right-hand column of Table 2 shows correspond- 
ing values of the General Colour Rendering Index. 
Comparisons between the practical and calculated 
estimates of lamp performance are discussed in the 
following Sections of this Report. It should be noted 
that the Television Consistency Index values shown in 
Table 2 have been calculated using a test colour set 
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consisting of the fourteen test colours specified in CIE 
Publication 13.2^ together with one additional 
Caucasian flesh colour. However, the correlation 
between the values obtained using this "fifteen test 
colour" set and corresponding values obtained using 
the "25 test colour" set employed for the theoretical 
work (see Section 3.5) is very high. 

4.2 Results 

4.2.1 Tests using studio (Paooo) reference 
illuminant 

The results of the first two sets of trials referred 
to in Section 4.1, in which a tungsten lamp was used 
as reference, are compared with corresponding Tele- 
vision Consistency Index values involving the P3()(in 
reference illuminant in Figs. 8, 9 and 10, and in the 
first three lines of Table 3. Figs. 8 and 9 refer 
respectively to the mean subjective grades (see Table 
1) obtained using the "alternate presentation" and 
"split-screen presentation" viewing conditions used in 
the first series of tests, while Fig. 10 shows the same 
relationships in the case of the second series of tests in 
which only alternate presentation of test and reference 
conditions was used. It should be noted that a 
"control" condition was incorporated in the second 
series of tests (but not the first) in which the reference 
(tungsten) lamp was compared with itself: this is 
referred to as "Lamp 9" in Fig. 10. Results obtained 
using this lamp were included in the calculations. 



Comparing Figs. 8 and 9, which it must be 
remembered relate different presentations of the same 
test material, it can be seen that a much higher degree 
of correlation was obtained when the split-screen 
method of presentation was used. In fact, statistical 
tests show that the degree of correlation in the case of 
the "alternate presentation" results is not significant at 
the 5% level. The correlation in the case of the "split- 
screen" results from the first series of tests, and the 
correlation found for the second series of tests 
(alternate presentation: see Fig. 10) is however 
significant at this level. In the latter case this degree of 
correlation is found despite the apparently anomalous 
behaviour of Lamp 5 which is rated poorer in terms 
of consistency of colour reproduction than its 
Television Consistency Index value would indicate. In 
fact Lamp 5 failed shortly (in terms of burning time) 
after use in making the test material and it is possible 
(although not certain) that its spectral power distri- 
bution was anomalous on this occasion. 

Reasons for the occurrence of particular 
subjective test results are often hard to determine, and 
the present subject-matter is no exception. The 
difference between the results shown in Figs. 8 and 9 
evidently relates to the greater ease with which 
colorimetric comparisons may be made when the 
coloured areas being compared are presented simultan- 
eously, as compared to the case when memory 
(however short-term) is involved. Furthermore, the 
differences between the test and reference conditions 



Table 3 
Correlaiion between calculated Index value and pracucal subjective grade 



Subjective grade 




Index 




'■ 




parameters 


parameters 


Correlation 




Reference 


Trial 


Picture 




Reference 


Scatter 


lamp 


No. 


presentation 
(note 1) 


Type 


illuminant 


coefficient 


diagram 

Fig. No. 


Tungsten 


1 


A 


R: 


rj[]i>i:. 


0.656 


8 


Tungsten 


1 


S 


R, 


P:.nOi' 


0.940 


9 


Tungsten 


2 


A 


R, 


Pwr,,-, 


0.870 


10 


Lamp 5 


3 


A 


R, 


Lamp 5 


0.870 


11 


l^mp 5 


3 


S 


R, 


Lamp 5 


0.683 


12 


Tungsien 


J 


A 


Ra 


(Note 2) 


0.721 


13 


Tungsten 


1 


S 


Ra 


(Note 2) 


0.946 


14 


Tungsten 


2 


A 


Ra 


(Note 2) 


0.804 


15 


Lamp 5 


3 


A 


Ro 


(Note 2) 


0.642 


16 


Lamp 5 


3 


S 


R. 


(Note 2) 


0.375 


17 



Notel. A = Alternate presentation. 

S = Split-screen presentation. 

Note 2. Reference illuminant as determined by correlated colour temperatures 

ot individual lamps. 
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Fig. 8 - Comparison between practical subjective grade and 

Television Consistency Index: 

Trial I, alternate presentation. P3000 reference. 

Correlation coefficient ... 0.656 
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Fig. 10 - Comparison between practical subjective grade and 

Television Consistency Index: 

Trial 2, alternate presentation, Fjooo reference. 

Correlation coefficient ... 0.870 
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Fig. 9 - Comparison between practical subjective grade and 

Television Consistency Index: 

Trial 1, split-screen presentation, F3000 reference. 

Correlation coefficient . 0.940 

caused by changes in shadow detail were less evident 
in the case of the spht-screen comparisons. The 
differences between Figs. 8 and 10 are harder to 
explain as "alternate" viewing was involved in both 
cases. It might have been expected for results from the 
second series of tests to have shown a greater scatter 
than those from the first series, as the scene used for 
the second series was considerably more "three- 
dimensional" than was the case for the first series, and 
"lamp-to-lamp" differences in shadow detail were 
correspondingly greater. The fact that the converse 
was actually the case may be due to the category of 



observer used in the two series of tests: assessments 
were made predominantly by technical staff in the 
second series, accustomed to making judgments of 
television colour reproduction as part of their work, 
while the observers in the first series contained a large 
proportion of people whose work involved artistic 
judgments of colour (scene designers, wardrobe and 
make-up assistants etc.) but who were not involved as 
part of their work in comparisons between two 
differing reproductions of the same scene. Considera- 
tions of this sort raise the question of the general 
validity of specialist subjective test results vis-a-vis the 
opinions that the general public would hold when 
presented with the same test conditions. It is usually 
thought that specialist opinion provides the better basis 
for operational decisions (in the present case the use of 
one lamp rather than another for scene lighting) but 
that account has to be taken of opinions (when 
available) when the result of this decision is presented 
to the numerically far greater number of observers that 
the general public represents. Only then can the 
inevitably larger "scatter" in individual opinions be 
accommodated in statistical terms. 

Attempts have been made, using multiple 
regression analysis, to combine values of the overall, 
worst and skin-tone Indices into one overall number 
which shows a higher degree of correlation with the 
subjective test results than do any of the individual 
Index values. It has been possible to achieve this result 
in each of the test conditions represented by Figs. 8, 9 
and 10. In the case of the Fig. 8 conditions 
("alternate" viewing, first series of tests), however, the 
relationships used to combine the individual Index 
values into one number are very "ill-conditioned", 
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particularly in the appearance of a large constant term 
which is hard to explain on theoretical grounds. 
Furthermore, the weighting coefficients (and constant 
term) assigned to the various individual parameters 
differ from test condition to test condition and at 
present there is not enough evidence to suggest a set of 
such coefficients which could be recommended as a 
general formulation of a "single-number" Index. This 
method of approach is however very powerful in 
statistical terms and could be of use if enough practical 
data could be collected to support it. 

In terms of rank order, most of the rankings 
obtained using practical grade values did not differ 
significantly &om the rankings obtained using Tele- 
vision Consistency Index values, using the method of 
analysis outlined in Section 3.2. However, the rank 
order obtained using "alternate" presentation in the 
first series of tests did not satisfy this criterion: this is 
in agreement with the resuh obtained using regression 
analysis (see Fig. 8). 

4.2.2 Tests using Lamp 5 ss reference lllumlnsnl 

Figs. 11 and 12, which refer respectively to the 
"alternate presentation" and "split-screen presentation" 
viewing conditions, show the results of the third set of 
trials (see Section 4.1) in which Lamp 5 was used as 
reference in both the practical tests and in the 
Television Consistency Index calculations (see also 
lines 4 and 5 of Table 3). In these Figures "Lamp 9" 
is the original tungsten reference lamp as used in the 
first two sets of trials. Lamp 5 was also compared 
with itself, the corresponding Index value being 100: 



these results were included in the calculations. The 
practical subjective grades are mean values over 18 
individual results. The correlation between practical 
grade and calculated Index value is better than was 
the case in the first set of trials using the P3000 
reference under the "alternate presentation" viewing 
conditions (compare Figs. 8 and 11, and Figs. 9 and 
12). In fact, the split-screen presentation gave a 
considerably lower correlation than the alternate 
presentation when Lamp 5 was used as reference. It is 
hard to reconcile this finding with the assumption that 
the comparison between test and reference pictures is 
made easier when the split-screen style of presentation 
is used (see Section 4.2.1). It may however be noted 
that for both types of viewing conditions, the mean 
subjective grade for the same (Lamp 5/Tungsten 
lamp) comparison was considerably less favourable 
(numerically lower) when Lamp 5 was used as a 
reference (2.4 for alternate viewing and 1.9 for split- 
screen viewing), compared with the case when the 
tungsten lamp was the reference (3.1 and 3.2 for 
alternate and split-screen presentations respectively). A 
possible explanation lies in the fact that during the 
tests the reference picture is presented, overall, for 
about half the total duration of the tests (excluding the 
interval between one test and another, when no 
picture is presented). Thus during the tests the 
"overall" colour reproduction is biassed towards that 
of the reference illuminant, and individual pictures 
from the different test lamps tend to be observed in 
relation to this overall condition. To a greater or lesser 
extent, all the test discharge lamps gave rise to errors 
in colour reproduction due to the lack of far-red 
radiation, as described in Section 3.4, while the 
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Fig. II - Comparison between practical subjective grade and 

Television Consistency Index: 

Trial 3, alternate presentation, Lamp 5 reference. 

Correlation coefficient ... 0.870 
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Fig. 12 - Comparison between practical subjective grade and 

Television Consistency Index: 

Trial 3, split-screen presentation, Lamp 5 reference. 

Correlation coefficient ... 0.683 
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tungsten lamp did not show this effect. When the 
tungsten lamp was used as a reference, pictures from 
all the "test" lamps differed from that obtained from 
the reference lamp in the same general manner, 
although to a different degree. When Lamp 5 was 
used as reference, however, the picture obtained using 
the tungsten lamp as one of the "test" lamps appeared 
notably "different" to all the others (including the 
reference picture) and therefore attracted a poorer 
grading in terms of consistency of colour reproduction. 
This effect was more marked in the case of the "split- 
screen" viewing conditions, and the "down-grading" of 
the tungsten lamp was correspondingly more pro- 
nounced, than in the situation when alternate 
presentation was used. A genuine Ds? reference would 
not necessarily show this tendency to the same extent, 
since there is significant radiated power at wavelengths 
up to at least 800 nm, above which the camera 
response should be zero. 

4.3 The use of the General Colour Rendering 
Index 

In view of the "scatter" of results obtained in 
the Field Trials, the question arises as to whether a 
reasonable correlation between practical result and 
Index value would have been obtained if the General 
Colour Rendering Index (Ra)^ (see Fig. 1) had been 
used rather than the Television Consistency Index, 
bearing in mind the close relationship that clearly 
exists between them. Figs. 13, 14 and 15 show such 
comparisons, referring respectively to the "alternate 
presentation" and "split-screen presentation" results 
from the first series of tests, and the (alternate 
presentation) results from the second series of tests, 
while Figs. 16 and 17 similarly show results obtained 
in the third series of tests using the "Lamp 5" 
reference. (See also the last five lines of Table 3). 
Comparisons of Figs. 8 and 13, and Figs. 9 and 14, 
indicates that in the first series of tests a slightly better 
fit between mean subjective grade and Index value is 
obtained using the Colour Rendering Index under 
both alternate presentation and split screen viewing 
conditions. On the other hand. Figs. 10 and 15 show 
for the second series of tests (using alternate 
presentation) a small advantage in using the Television 
Consistency Index. In the third series of tests, using the 
Lamp 5 reference illuminant, comparing Figs. 1 1 and 
16 and Figs. 12 and 17 show a fairly strong advantage 
in using the Television Consistency Index in both 
alternate and split-screen viewing conditions, although 
in all cases considerable scatter in the comparisons 
obtained for individual lamps was evident. 

Overall, the evidence as to whether or not the 
extra complication of providing an Index referring 
specifically to television scene lighting is worthwhile is 
conflicting: some results indicate a rather slight 
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Fig. 13 - Comparison between practical subjective grade and 

General Colour Rendering Index: 

Trial 1, alternate presentation, Pjooo reference. 

Correlation coefficient ... 0.721 
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Fig. 14 - Comparison between practical subjective grade and 

General Colour Rendering Index: 

Trial I, split-screen presentation, P3000 reference. 

Correlation coefficient ... 0.946 

advantage in using the Colour Rendering Index while 
others show a distinct preference for the Television 
Consistency Index, but with generally lower levels of 
correlation. The subject is discussed further in 
Section 5, 

As far as rank orders are concerned, the 
ranking obtained using the Colour Rendering Index is 
also just as valid as that involving the Television 
Consistency Index in representing the ranking obtained 
from the practical tests. 
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Fig. 15 - Comparison between practical subjective grade and 

General Colour Rendering Index: 

Trial 2, alternate presentation, Pjooo reference. 

Correlation coefficient ... 0.804 
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Fig. 1 7 - Comparison between practical subjective grade and 

General Colour Rendering Index: 

Trial 3, split-screen presentation. Lamp 5 reference. 

Correlation coefficient ... 0.375 
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Fig. 16 - Comparison between practical subjective grade and 

General Colour Rendering Index: 

Trial 3, alternate presentation, Lamp 5 reference. 

Correlation coefficient ... 0.642 

5. DISCUSSION 

The field trials have shown that there is very 
strong correlation between the Television Consistency 
Index value found for a particular lamp and a given 
reference illuminant on the one hand, and the 
subjective assessment of consistency on the other. 
Taken by itself, this confirms that the Consistency 
Index method of categorizing lamps in respect of their 
suitability for television scene lighting is valid, bearing 
in mind the particular conditions and the uncertainty 
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Fig. 18 - Comparison between Television Consistency 
Indices using Pjom andDss references. 

Regression line for all lamps 

Correlation coefficient ... 0.776 

Regression line excluding lamps D, P and 6 

(see text) 
Correlation coefficient ... 0.968 

limits within which the Index is meant to be used. The 
field trials have also shown that the Colour Rendering 
Index value gives high correlation with the practical 
assessments. Although the correlation is not so strong 
as is found for the Television Consistency Index, the 
trials do not give a clear-cut answer, in purely 
statistical terms, to the question as to whether the use 
of the Television Consistency Index does or does not 
have a distinct advantage over the Colour Rendering 



(PH-290) 



18- 



Index as a method of lamp categorization for 
television scene lighting. This difficulty appears to be 
due both to the relatively small number of lamps used 
in the field trials (nine, including the tungsten 
"reference": this may be compared with the total of 
129 used in the theoretical work), and to the "non- 
normal" statistical distributions of consistency index 
and subjective grade values which are inevitable in a 
small sample. This latter point may be illustrated by 
comparing the ten Television Consistency Index values 
obtained using a P3000 reference illuminant with those 
found using the D^s reference (Fig. 18). In this figure 
the points numbered I - 8 refer to the "practical" 
lamps, and the points P and D refer respectively to the 
two reference illuminants treated as practical lamps. In 
each of these two latter cases the index value is 100 
when the "lamp" is compared with itself as reference, 
and a lower value when it is compared with the other. 
Over all the ten comparisons the correlation coefficient 
is 0.78, a fact which is perhaps not surprising in itself 
as a high degree of correlation would not be expected 
between the two sets of Index values. However, if the 
two references (P and D) are excluded, the correlation 
coefficient over the remaining eight comparisons 
becomes 0.89: furthermore, if Lamp 6 (which can be 
seen from Fig. 18 not to follow the general trend) is 
also excluded, the correlation coefficient over the 
remaining seven comparisons rises further to 0.97. It 
may be noted that in terms of probabilities of 
correlation coefficient values arising purely by chance, 
the values of 0.78, 0.89 and 0.97 correspond to 
probabilities of 0.74%, 0.3% and 0.03% respectively. 
Thus the statistical "behaviour" of this assembly of 
Index value comparisons is largely governed by the 
behaviour of only three of its members, or in other 
words the set of lamps involved in these comparisons 
is not suitable for making detailed comments on the 
subject-matter of the comparisons (i.e. the differential 
behaviour of Index values using one or other reference 
illuminant). A similar argument may be developed 
concerning the comparisons between the use of the 
Television Consistency Index and the General Colour 
Rendering Index. Tests (or at least practical experience) 
using a much larger number of lamps are required 
before the relative merit of the use of the Television 
Consistency Index, as opposed to the use of the 
General Colour Rendering Index, can be ascertained 
with reasonable certainty. The results of the present 
series of tests seem to indicate, however, that although 
for many lamps the two methods of deriving Index 
values are probably of roughly equal merit, in the case 
of some lamps the Television Consistency Index does 
indicate a real difference in the consistency of colour 
reproduction when comparisons are made using either 
one reference illuminant or the other. In these cases 
the Television Consistency Index is superior to the 
General Colour Rendering Index in describing lamp 
performance. Unless it can be shown that the 



proportion of lamps which behave in this latter 
manner is so small as to be insignificant, it may be 
concluded that the Television Consistency Index 
method of lamp categorization provides useful informa- 
tion on the behaviour of lamps as television light 
sources, which is not available from the corresponding 
General Colour Rendering Index value. 

It is worth noting that treating the reference 
illuminant as a practical source, as in the foregoing 
discussion, is a valid procedure as it represents a 
frequently-occurring operational situation. One example 
of this is in the televising of sports events which start 
in daylight and end under floodlights: an edited 
version of the events would contain the "intercutting" 
between pictures obtained using the two sources which 
corresponds to this Index value. Another example is in 
the use of "colour temperature raising" or "colour 
temperature lowering" filters to re-balance a camera 
from studio to daylight illumination or vice versa with 
little adjustment to the colour separation channel 
gains. Adopting this technique, for instance, pictures 
from a camera initially balanced in studio illumination 
and then re-balanced using a colour temperature 
lowering filter for use in daylight could be intercut 
with pictures from another camera viewing the same 
daylight scene but electronically balanced for this 
illumination. From the colorimetric point of view the 
first camera is still balanced in studio illumination and 
intercutting between the two cameras therefore again 
represents the use of two sources which correspond to 
the Television Consistency Index value obtained when 
one reference illuminant is compared with the other. 
A corollary to this aspect of Index value calculation is 
that intercutting of pictures taken under studio and 
daylight conditions is generally regarded as satisfactory 
(in other words, the consistency of colour reproduction 
in the two cases is regarded as reasonable). The 
"overall" Index value for this scene illuminant change 
is 75 (to the nearest whole number) and this gives one 
indication of the magnitude of values that might be 
regarded as indicating acceptable consistency of colour 
reproduction. On the other hand, inspection of Figs. 
8-12 shows on average that a degree of consistency 
rated as "good" (grade 4) corresponds to an Index 
value of 88. It would again seem (as in the case of the 
choice between the use of the Television Consistency 
Index or the General Colour Rendering Index, 
discussed above) that experience in the behaviour of 
the Television Consistency Index must be gained 
before the relation between Index value and the 
practical degree of consistency of colour reproduction 
can be evaluated. 

It must not be forgotten that one of the 
purposes envisaged for the Television Consistency 
Index is to replace "correlated colour temperature" as 
a measure of lamp performance (see Section 1): the 
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Index is to be calculated using each of the reference 
illuminants in turn, and the reference iiluminant giving 
the higher value will indicate whether the lamp is 
"studio compatible for television" or "daylight com- 
patible for television" (see Section 2.2). If the idea of 
the Television Consistency Index was to be dropped 
and use made of the Colour Rendering Index instead, 
this facility would be lost, as only one Coloiu- 
Rendering Index is calculated for any lamp. Indeed, 
the situation is even more anomalous than the 
provision of just one Index value indicates, because 
the reference iiluminant used in calculating the Colour 
Rendering Index is selected with regard to the 
correlated colour temperature of the lamp in question: 
thus the use of the Colour Rendering Index instead of 
the Television Consistency Index involves the very 
quantity that the use of the Television Consistency 
Index seeks to avoid. As a compromise it could 
perhaps be suggested that a version of the Colour 
Rendering Index should be used, but calculated using 
the P3000 and D65 reference illuminants: however if this 
were to be done, extra Index values would still be 
involved and a re-calculation in this way could just as 
well be made using the full Television Consistency 
Index formulation. It may be noted that a dual index 
has already been proposed by other workers*. 

The lack of any practical tests involving the 
daylight reference iiluminant is a regrettable short- 
coming of the present work, although an attempt has 
been made to rectify this by using Lamp 5 as 
reference. It is unfortunately true that practical tests of 
the Television Consistency Index involve considerable 
expense both in the time taken to carry them out and 
in the sophisticated studio equipment which is 
required to obtain the test material. It must be 
remembered that the colorimetric shifts involved are 
sometimes quite small and easily masked by larger 
changes caused by poor technical facilities or operating 
techniques. It will in the long run probably be 
necessary to rely on building up a body of experience 
in the use of the Television Consistency Index and 
assess at a later date the usefulness {or otherwise) of 
the Index. 

In discussing the correlation between practical 
subjective grade and theoretically-derived Consistency 
Index values, it must be borne in mind that both these 
quantities are subject to limits of uncertainty. The 
limits for subjective grade are twice the mean of the 
standard errors associated with the grades returned for 
each lamp, while those for Index value are obtained 
using Equation 3, Section 3.1. These limits show the 
scatter in the results in terms of the known 
uncertainties in both subjective grade (resuUing from 
the varying opinions of different observers) and the 
overall Index values (resulting from the use of different 
colour cameras as described in Section 3.1). Fig. 19 



for example, shows these uncertainty limits applied to 
the second set of field trials. The full line in Figure 19 
is drawn to pass within the uncertainty limits of as 
large a number of points as possible, on the grounds 
that having determined the existence of such uncertain- 
ties in statistical terms it is unreasonable to expect any 
closer agreement between theory and practice. It can 
be seen that the majority of lamps are included: the 
anomalous behaviour of Lamp 5 has been discussed 
previously (Section 4.2.1). It may however be 
remarked that the use of different camera analysis 
characteristics has very little influence on the values of 
correlation coefTicient obtained in the foregoing 
analysis. 

In putting forward any argument in favour of 
using the Colour Rendering Index rather than the 
Television Consistency Index as an adequate descrip- 
tion of lamp performance in respect of its suitability as 
a source of television scene lighting, it must be 
acknowledged that the uncertainty limits derived for 
the Television Consistency Index have to be transferred 
to the Colour Rendering Index values. The Colour 
Rendering Index itself does not carry any such limits 
since it is based on one set of colour analysis 
characteristics only (the "standard observer"). This in 
itself would appear to justify the work carried out in 
investigating the Television Consistency Index: even if 
the Colour Rendering Index was to be adopted as a 
means of categorizing lamps for television, the 
uncertainty limits due to the use of different cameras 
would still be relevant. 



■100 
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subjective grade 

Fig. 19 - Example of comparison between practical 

subjective grade and Television Consistency Index, showing 

uncertainty limit lines (Trial 2, alternate presentation, P3000 

reference: see Fig. 10). 

Line drawn to pass within uncertainty limits 

for maximum number of points. 
Regression line. 
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6. CONCLUSIONS 

The programme of work described in this 
Report has led to the following achievements and 
results:- 

(1) A "working model" of a colour television 
system, in the form of a computer 
program, has been developed. 

(2) A method has been devised for evaluating 
the colorimetric effect of changing the 
lamp used for illuminating the scene being 
reproduced, as far as possible without 
including the imperfections of the repro- 
ducing process in this evaluation. 

(3) Theoretical work has been carried out on 
a large number of average Consistency 
Index values, taken over a range of test 
colours representing the colour television 
reproduction gamut. This work has shown 
that, particularly in the case of the 
"extended-red" category of colour tele- 
vision camera, the Index is capable of 
providing a meaningful categorization of 
lamp performance which is not dependent 
on particular camera analysis character- 
istics. The differences which do in fact 
occur between one camera and another 
may be allowed for by assuming an 
"uncertainty" in Index value, such that 
two lamps having a difference of Index 
value within the prescribed limit are 
regarded as having the same performance, 
as far as their suitability as light sources 
for television scene lighting is concerned 
(see Equation 4). The same argument 
applies to the "narrow-red" category of 
colour television camera, except that the 
Index uncertainty is greater in this case. 

(4) The theoretical work referred to in 
Paragraph (3) above has also shown that 
the degree of correlation between Index 
values obtained using different test colour 
sets (each of which covered the gamut of 
television colour reproduction) was, 
coincidentally, the same as the correlation 
obtained when using different camera 
analysis characteristics. The absolute value 
or "scale" of a Television Consistency 
Index value does however depend on the 
test colour set used, and so it is necessary 
to specify a particular set when putting 
forward parameters for a "general" Index. 
It was also found that the uncertainty in 
Television Consistency Index value, due 



to the use of one set of camera analysis 
characteristics rather than another, is 
virtually independant of the test colour set 
being used. 

(5) The categorization of lamp performance 
independently of particular camera analysis 
characteristics, mentioned in paragraph 3 
above, may be obtained by using a 
"reference" analysis in the calculation of 
Consistency Index values. Such an analysis 
has been devised without invoking any 
particular practical camera characteristics 
(see Fig. 2 and Equation 2). 

(6) The Consistency Index method may be 
used to assess the likely performance of 
lamps in conjunction with any set of 
practical camera analysis characteristics, 
simply by using these characteristics to 
calculate "particular" Index values referring 
specifically to the camera in question. 

(7) Consistency Index values may be used to 
determine the rank order of a number of 
lamps, in terms of their suitability as light 
sources for television scene lighting. The 
accuracy of prediction of such a rank 
order (particularly, again, in the case of 
the "extended-red" category of cameras), 
using the reference set of camera analysis 
characteristics, is often greater than would 
be expected from the Index uncertainty 
value discussed in Paragraph 3 above. 
Expressed another way, differences in 
lamp performance are often similar from 
one camera to another, even though 
"absolute" performance may differ 
between cameras. This relationship is 
particularly true if lamps of similar 
chromaticity (although having markedly 
different spectral power distributions) are 
being compared. 

(8) Experience in the behaviour of the 
Television Consistency Index must be 
gained before the relation between Index 
value and the practical degree of consist- 
ency of colour reproduction can be 
evaluated. When, in due course, the 
appropriate limiting Index value which 
corresponds to satisfactory lamp perform- 
ance in this respect has been determined, 
the Television Consistency Index may be 
used to categorize a lamp either as "studio 
compatible for television" or as "daylight 
compatible for television". To achieve 
this, Index values are calculated using 
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each reference illummaQt in turn: the 
reference illuininant giving an Index value 
higher than the limiting value then 
indicates which of these two categories is 
appropriate. If neither Index values attains 
or exceeds this limit, the lamp may be 
deemed incompatible with both studio 
lighting and daylight. It may be noted that 
this assessment is intended to replace the 
use of correlated colour temperature as a 
description of lamp colori metric perform- 
ance in television scene lighting appli- 
cations. 

(9) Work carried out using the P3000 reference 
illuminant indicates that the General 
Colour Rendering Index gives almost as 
good an indication of the suitabiUty of 
lamps for television scene lighting as does 
the Television Consistency Index itself. 
However, the correspondence between the 
behaviour of the Television Consistency 
Index under "daylight" reference con- 
ditions on the one hand, and the General 
Colour Rendering Index on the other, 
may not be as close as when the "studio" 
reference conditions are involved. Tests 
using a practical lamp (Lamp 5) having a 
spectral power distribution not too dis- 
similar to that of daylight appear to 
confirm this proposition. Furthermore, the 
General Colour Rendering Index gives no 
method of distinguishing between lamps 
compatible with studio Ughting and those 
compatible with daylight, and in addition 
it involves "correlated colour temperature" 
in its derivation. The use of the General 
Colour Rendering Index is therefore not 
recommended. 

(10) A field of work which has not so far been 
examined in detail is the relationship 
between average Television Consistency 
Index values taken over test colours 
representing the colour television repro- 
duction gamut, average values taken over 
skin tone test colours, and the worst 
(numerically lowest) value found for 
individual test colours (see Section 2.1). 
Knowledge of the interrelations between 
these Index values would indicate the 
validity of quoting all three values (to- 
gether with the identity of the test colour 
giving the worst value) in the complete 
expression of the Television Consistency 
Index, as is at present suggested. It might 
also lead to the formulation of a "one- 
value" Index, derived from the three 



separate Index values, which showed a 
higher degree of correlation with practical 
subjective test results than do any of the 
separate values themselves. The work so 
far carried out in this direction has given 
encouraging results for individual tests, but 
as the coefficients obtained in these "best- 
fitting" relationships have varied consider- 
ably according to the particular test under 
consideration, it has not been possible to 
suggest a suitable general relationship 
which could be used for this purpose. 

Despite the small number of practical tests that 
have so far been carried out, the Television Consist- 
ency Index is recommended as a method of 
categorizing lamps in terms of their suitability as 
sources for television scene lighting. Calculation of a 
"General Television Consistency Index" using standard- 
ised parameters, with the spectral power distribution of 
the test illuminant as the oaly variable factor, is 
described in Appendix 1. 
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APPENDIX 1 
Data Required (or Calculation of the General Television Consistency index 
Contents 



First set of tables 
Second set of tables 
Third set of tables 

Notes on Index calculation 



test colour spectral reflectance data. 

reference camera and display data. 

spectral power distributions of reference illuminants. 



The calculation of the General Television Consistency Index is carried out using the data contained in the 
tables in this Appendix. The calculation procedure may, however, be used with other data for special purposes, 
and the following outline of Index calculation is therefore given in general terms. The calculation may be 
considered in three stages:- 

A) Calculation of display chromaticity and luminance for a particular test colour and scene 
illuminant. 

B) Calculation of the Television Consistency Index for one test colour and one reference illuminant. 

C) Calculation of the General Index values for sets of test colours and one or other reference 
illuminant. 

A) Calculation of display chromaticity and luminance for a particular test colour and scene illuminant 

(1) Calculation ot camera-tube signals 

Let Re, Gc and Be be the red, green and blue camera-tube signals for the test colour and scene illuminant 
under consideration. Then:- 

^ XPjk) Sr (X) p {X) ^ XPjX) Sg (A) p (X) ^ ^ Sf (A) Sb (A) p (X) 

0.6 lP(k) 5/? (A) ' ' 0.6 1P{X) Sg (A) ' ' 0.6 ^P{K) Sb (A) 

where P{K) is the relative spectral power distribution of the illuminant 

p(A) is the test colour spectral reflectance {see the first set of tables of this Appendix), 

5!fl(A), S'g(A),5'b(A) are respectively the camera analysis characteristics (spectral sensitivities) of the 
red, green and blue camera channels {see the second set of tables of this Appendix). 

and the summations are taken at 5nm wavelength intervals from 380nm to 770nm inclusive. 

The factor 0.6 is introduced in the denominators of the equations to take account of the assumed use of a 
60% reflectance "white" when initially colour- balancing the camera. 

(2) Calculation of the matrixed camera signals 

Let Rm, Gm and Bm be the red, green and blue matrixed colour-camera signals for this test colour. Then:- 



Rm 




Re 


c„ 


= [M,] 


Gc 


5. 




B, 



where {M\\ is the 3 X 3 "camera matrix" shown in the second set of tables of this Appendix. 
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(3) Inspection of signal-level values 



It is essential that no matrixed colour-camera signal exceeds the "peak" value of unity. Accordingly, the 
calculations outlined in Sections 1 and 2 above are successively carried out for all members of the test 
colour set, and the complete set of matrixed signal values is then inspected. If one or more such values 
exceed unity, all the signal values are normalized so that the greatest value is equal to unity (see Section 3.5: 
note that, when using the test colours given in the first set of tables in this Appendix, the red matrixed 
camera signal for Test Colour 16 almost always exceeds unity and will be the one chosen for 
normalization). 

(4) Calculation of display Input signals 

Returning to the procedure for signal-level calculations involving a particular test colour, let Rd, Gd and Bd 
be the red, green and blue display input signals for the test colour under consideration. Then:- 

Rd = Rm ; Gd = Gm ; Bd = B„ 

where y is the overall system transfer characteristic ("gamma") (see Section 2.3). 

In the calculation of the General Television Consistency Index 7 = 1.2. 

(5) Calculations of displayed colour tristlmulus values and chromatlclty coordinates 

Let Z, y, Z be the CIE tristimulus values for the displayed colour corresponding to the test colour under 
consideration. Then:- 



X 
Y 
Z 



[M2] 



Rd 
Gd 
Bd 



where [A/2] is the display matrix shown in the second set of tables of this Appendix. 

The chromaticity coordinates (a', v') for the displayed colour are given* by 

AX 9Y 



X+15Y+3Z 



X+15Y+3Z 



B) Calculation of the Television Consistency Index tor one test colour and one reference lllumlnant 

The calculations outlined in Section A above are carried out using successively the spectral power 
distribution of the test lamp and the spectral power distribution of one of the reference iJluminants (the 
latter spd's are shown in the third set of tables of this Appendix), The Television Consistency Index for the 
particular test colour and reference illuminant under consideration (R,) is then given by the successive 
application of the following Equations:- 



L*T = 116 (yr/r„)"' -16 

U*T = \3L*Tiu'T-u'„) 

AL* = L*T-L*it A«* 



i*/f = n6(YR/Y„y" -\6 
v*R = l3L*R{y'jt-y'„) 



A£\. = [(Ai*)' + (Au*)' + (Av*)'] 
R, = 100-4.6A£*„. 



2i 1/2 
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where subscripts T and R refer respectively to reproduction when using the test lamp and the reference 
illuminant, 

and subscript n refers to the display white-point chromaticity {see the second set of tables of this 
Appendix). 

C) Calculation of "general" Index values 

(1) Calculations according to Sections A and B above are carried out successively for each test colour, 
using in turn first one and then the other reference illuminant. 

(2) Considering first the results obtained using the Pjooo reference illuminant, average or selection of 
individual Index values are taken as foUows:- 

i) The "overall" Index value is the average of the individual values found for the 18 test colours. 

ii) The "skin tone" Index value is at present proposed (see Section 3.5, last paragraph) as the average 
of the individual values found for the first two test colours ("Dark Skin" and "Light Skin"). 

iii) The "worst" Index value is the algebraically lowest value found for any of the test colours. 

iv) The test colour number for the worst Index value is also quoted. 

(3) The same procedure as in Paragraph (2) above is carried out using the individual values found for the 
Deg reference illuminant. 

(4) The two sets of Index values obtained from Paragraphs (2) and (3) above indicate the compatibility of 
the lamp with studio and daylight illumination respectively. In the future it may be possible to 
categorize the lamp as "studio compatible for television" or "daylight compatible for television" {see 
Section 6, paragraph (8)). 

(5) The Index values are to be quoted to the nearest whole number. Nevertheless, calculations should be 
carried through to a higher accuracy; for example, an accuracy corresponding lo two decimal places of 
Index value is convenient. 
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Appendix 1 (cont.)- First Set o1 Tables: Test Colour Spectral Reflectance Data: Colours 1 — 4 

Test Colour 1 (Dark skin) 



(nm) 1 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.054 


0.057 


0.063 


0.066 


400 


0.075 


0.078 


0.078 


0.076 


0.074 


0.070 


0.066 


0.064 


0.062 


0.060 


450 


0.059 


0.060 


0.058 


0.060 


0.060 


0.062 


0.058 


0.063 


0.063 


0.067 


500 


0.068 


0.070 


0.072 


0.077 


0.079 


0.081 


0.081 


0.083 


0.083 


0.084 


550 


0.084 


0.088 


. 0.093 


0.098 


0.104 


0.111 


0.121 


0.127 


0.133 


0.140 


600 


0.144 


0.149 


0.151 


0.154 


0.160 


0.164 


0.170 


0.175 


0.179 


0.184 


650 


0.193 


0.203 


0.213 


0.220 


0.236 


0.241 


0.248 


0.257 


0.269 


0.280 


700 


0.289 


0.300 


0.314 


0.337 


0.346 


0.361 


0.382 


0.404 


0.425 


0.439 


750 


0.464 


0.476 


0.490 


0.495 


0.505 













Test Colour 2 (Light skin) 



(nm) 1 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.092 


0.109 


0.134 


0.161 


400 


0.186 


0.200 


0.205 


0.206 


0.207 


0.209 


0.211 


0.213 


0.216 


0.221 


450 


ain 


0.237 


0.246 


0.259 


0.273 


0.285 


0.294 


0.304 


0.305 


0.309 


500 


0.314 


0.323 


0.334 


0.340 


0.332 


0.316 


0.300 


0.292 


0.290 


0.295 


550 


0.300 


0.302 


0.297 


0.295 


0.304 


0.328 


0.365 


0.409 


0.450 


0.488 


600 


0.520 


0.540 


0.556 


0.566 


0.574 


0.582 


0.593 


0.602 


0.607 


0.625 


650 


0.631 


0.639 


0.655 


0.661 


0.687 


0.693 


0.711 


0.722 


0.737 


0.757 


700 


0.768 


0.786 


0.798 


0.815 


0.822 


0.823 


0.835 


0.845 


0.855 


0.848 


750 


0.862 


0.861 


0.868 


0.868 


0.826 





















Test Colour 3 (Blue 


sky) 










k + - 
(nm) 1 





5 


10 


15 20 


25 


30 


35 


40 


45 


350 












0.105 


0.127 


0.164 


0.213 


400 


0.271 


0.314 


0.333 


0.344 0.345 


0.344 


0.346 


0.346 


0.347 


0.343 


450 


0.337 


0.333 


0.327 


0.324 0.319 


0.306 


0.290 


0.288 


0.280 


0.274 


500 


0.265 


0.258 


0.250 


0.240 0-229 


0.220 


0.212 


0.207 


0.203 


0.198 


550 


0.193 


0.191 


0.187 


0.181 0.174 


0.170 


0.167 


0.162 


0.158 


0.161 


600 


0.156 


0.152 


0.150 


0.145 0.142 


0.137 


0.133 


0.132 


0.126 


0.127 


650 


0.121 


0.118 


0.115 


0.115 0.112 


0.110 


0.110 


0.109 


0.108 


0.108 


700 


0.106 


0.105 


0.105 


0.106 0.106 


0.105 


0.107 


0.105 


0.106 


0.105 


750 


0.108 


0.107 


0.110 


0.110 0.102 





















Test Colour 4 (Foliage) 










(tira) 1 





5 


10 


15 20 25 


30 


35 


40 


45 


350 










0.050 


0.052 


0.052 


0.050 


400 


0.052 


0.052 


0.052 


0.053 0.051 0.053 


0.053 


0.053 


0.055 


0.058 


450 


0.059 


0.061 


0.060 


0.063 0.063 0.067 


0.065 


0.067 


0.069 


0.072 


500 


0.077 


0.088 


0.105 


0.132 0.159 0.182 


0.195 


0.199 


0.191 


0.180 


550 


0.167 


0.156 


0.144 


0.133 0.131 0.130 


0.129 


0.123 


0.118 


0.114 


600 


0.110 


0.102 


0.101 


0.103 0.104 0.105 


0.105 


0.106 


0.102 


0.102 


650 


0.101 


0.101 


0.101 


0.101 0.107 0.115 


0.132 


0.152 


0.185 


0.233 


700 


0.283 


0.339 


0.383 


0.419 0.444 0.455 


0.465 


0.473 


0.477 


0.480 


750 


0.489 


0.492 


0.498 


0.499 0,511 
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Appendix 1 (cont.). First Set of Tabies: Test Coiour Spectrai Reflectance Data: Coiours 5 — 8 

Test Colour 5 (Blue flower) 



X + - 
(nra) 1 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.101 


0.127 


0.170 


0.233 


400 


0.310 


0.373 


0.409 


0.424 


0.432 


0.437 


0.437 


0.438 


0.437 


0.432 


450 


0.428 


0.423 


0.417 


0.412 


0.405 


0.395 


0.380 


0.373 


0.364 


0.355 


500 


0.342 


0.333 


0.316 


0.296 


0.267 


0.245 


0.227 


0.212 


0.206 


0.203 


550 


0.203 


0.204 


0.196 


0.190 


0.190 


0.194 


0.201 


0.210 


0.216 


0.225 


600 


0.228 


0.232 


0.238 


0.240 


0.236 


0.236 


0.240 


0.248 


0.261 


0.289 


650 


0.322 


0.362 


0.407 


0.446 


0.488 


0.512 


0.546 


0.546 


0,555 


0.563 


700 


0.564 


0.575 


0.578 


0.586 


0.590 


0.589 


0.601 


0.604 


0.606 


0.605 


750 


0.614 


0.616 


0.617 


0.617 


0.614 





















Test Colour 6 (Bluish green) 










X + - 
(nm) 1 





5 


10 


15 20 25 


30 


35 


40 


45 


350 










0.108 


0.132 


0.168 


0.213 


400 


0.260 


0.292 


0.308 


0.317 0.320 0.328 


0.336 


0.342 


0.352 


0.360 


450 


0.371 


0.386 


0.405 


0.433 0.465 0.497 


0.528 


0.557 


0.576 


0.591 


500 


0.586 


0.591 


0.586 


0.582 0.567 0.559 


0.545 


0.533 


0.5J2 


0.492 


550 


0.472 


0.449 


0.429 


0.402 0.380 0.355 


0.332 


0.309 


0.284 


0.262 


600 


0.247 


0.233 


0.224 


0.217 0.212 0.209 


0.207 


0.205 


0.200 


0.198 


650 


0.199 


0.197 


0.199 


0.203 0.210 0.216 


0.218 


0.226 


0.232 


0.236 


700 


0.238 


0.242 


0.242 


0.239 0.232 0.227 


0.229 


0.230 


0.237 


0.248 


750 


0.256 


0.269 


0.274 


0.278 0.274 



















Test Colour 7 (Orange) 










X +- 
(nm) 1 





5 


10 


15 


20 25 


30 


35 


40 


45 


350 












0.052 


0.054 


0.052 


0.050 


400 


0.052 


0.052 


0.052 


0.051 


0.050 0.050 


0.052 


0.050 


0.051 


0.051 


450 


0.052 


0.051 


0.051 


0.053 


0.053 0.054 


0.055 


0.056 


0.055 


0.058 


500 


0.061 


0.063 


0.068 


0.077 


0.086 0.098 


0.120 


0.145 


0.175 


0.206 


550 


0.236 


0.270 


0.302 


0.34] 


0.375 0.410 


0.440 


0.467 


0.488 


0.509 


600 


0.518 


0.532 


0.540 


0.551 


0.557 0.562 


0.568 


0.575 


0.581 


0.584 


650 


0.585 


0.590 


0.601 


0.596 


0.600 0.596 


0.604 


0.603 


0.606 


0.607 


700 


0.608 


0.615 


0.617 


0.621 


0.622 0.619 


0.625 


0.628 


0.630 


0.627 


750 


0.635 


0.639 


0.640 


0.640 


0.641 











Test Colour 8 (Purplish blue) 



X + - 
(nm) 1 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.094 


0.113 


0.141 


0.186 


400 


0.235 


0.275 


0.297 


0.316 


0.317 


0.333 


0.346 


0.355 


0.368 


0.378 


450 


0.381 


0.377 


0.368 


0.356 


0.340 


0.322 


0.296 


0.269 


0.241 


0.220 


500 


0.L97 


0.182 


0.)66 


0.151 


0.138 


0.127 


0.120 


0.115 


0.108 


0.104 


550 


0.101 


0.095 


0.090 


0.084 


0.082 


0.081 


0.081 


0.081 


0.081 


0.083 


600 


0.083 


0.080 


0.079 


0.080 


0.081 


0.081 


0.084 


0.089 


0.092 


0.096 


650 


0.103 


0.107 


0.112 


0.111 


0.112 


0.109 


0.104 


0.102 


0.099 


0.099 


700 


O.IOO 


0.100 


0.103 


0.106 


0.109 


0.113 


0.122 


0.127 


0.138 


0.153 


750 


0.173 


0.193 


0.215 


0.241 


0.249 
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Appendix 1 (cont.). First Set of Tables: Test Colour Spectral Reflectance Data: Colours 9 — 12 

Test Colour 9 (Moderate red) 



A 4 - 
(nm) t 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.088 


0.102 


0.121 


0.136 


400 


0.151 


0.153 


0.151 


0.144 


0.142 


0.141 


0.139 


0.135 


0.136 


0.135 


450 


0.133 


0.132 


0.129 


0.130 


0.129 


0.127 


0.121 


0.118 


0.109 


0.105 


500 


0.105 


0.104 


0.101 


0.100 


0.094 


0.091 


0.089 


0.092 


0.095 


0.097 


550 


0.104 


0.109 


0.111 


0.113 


0.116 


0.134 


0.167 


0.223 


0.291 


0.362 


600 


0.426 


0.474 


0.511 


0.537 


0.551 


0.562 


0.565 


0.570 


0.575 


0.574 


650 


0.579 


0.577 


0.579 


0.577 


0.580 


0.581 


0.579 


0.581 


0.581 


0.583 


700 


0.581 


0.581 


0.580 


0.586 


0.585 


0.584 


0.589 


0.587 


0.590 


0.582 


750 


0.589 


0.592 


0.590 


0.590 


0.600 





















Test Colour 10 (Purple) 










A + ^ 
(Tim) 1 





5 


10 


15 


20 25 


30 


35 


40 


45 


350 












0.083 


0.100 


0.125 


0.154 


400 


0.183 


0.198 


0.206 


0.207 


0.207 0,201 


0,194 


0.184 


0.175 


0.163 


450 


0.154 


0.142 


0.129 


0.120 


0.109 0.102 


0.095 


0.090 


0.081 


0.077 


500 


0.070 


0.067 


0.065 


0.063 


0.059 0.058 


0.056 


0.053 


0.052 


0.052 


550 


0.051 


0.053 


0.055 


0.056 


0.054 0.052 


0.053 


0.049 


0.051 


0.055 


600 


0.058 


0.063 


0.073 


0.087 


0.103 0.120 


0.137 


0.149 


0.161 


0.175 


650 


0.188 


0.197 


0.208 


0.218 


0.229 0.241 


0.249 


0.262 


0.272 


0.284 


700 


0.292 


0.304 


0.312 


0.325 


0.329 0.333 


0.343 


0.346 


0.350 


0.350 


750 


0.359 


0.360 


0.362 


0.369 


0.361 



















Test Colour 11 (Yellow green) 










A +- 
(nm) 1 





5 


10 


15 20 25 


30 


35 


40 


45 


350 










0.045 


0.048 


0.050 


0.050 


400 


0.054 


0.053 


0.053 


0.055 0.053 0.057 


0.059 


0.059 


0.062 


0.065 


450 


0.070 


0.075 


0.081 


0.092 0.102 0.116 


0.136 


0.158 


0.185 


0.225 


500 


0.274 


0.328 


0.390 


0.446 0.485 0.51 1 


0.529 


0.538 


0.539 


0.535 


550 


0.526 


0.521 


0.511 


0.500 0.484 0.467 


0.450 


0.435 


0.412 


0.395 


600 


0.377 


0.363 


0.352 


0.346 0.339 0.337 


0.337 


0.331 


0.326 


0.322 


650 


0.323 


0.320 


0.325 


0.327 0.334 0.340 


0.347 


0.355 


0.362 


0.369 


700 


0.373 


0.376 


0.375 


0.379 0.372 0.365 


0.367 


0.375 


0.379 


0.388 


750 


0.403 


0.415 


0.430 


0.430 0.447 



















Test Colour 12 (Orange yellow) 










k + - 
(nm) 1 





5 


10 


15 


20 25 


30 


35 


40 


45 


350 












0.049 


0.052 


0.054 


0.055 


400 


0.054 


0.057 


0.057 


0.059 


0.057 0.057 


0.059 


0.057 


0.058 


0.060 


450 


0.061 


0.061 


0.062 


0.067 


0.072 0.081 


0.088 


0.098 


0.106 


0.112 


500 


0.120 


0.130 


0.143 


0.163 


0.188 0.218 


0.256 


0.304 


0.351 


0.399 


550 


0.442 


0.476 


0.505 


0.532 


0.544 0.561 


0.579 


0.539 


0.597 


0.604 


600 


0.617 


0.617 


0.618 


0.624 


0.625 0.630 


0.647 


0.635 


0.638 


0.642 


650 


0.649 


0.650 


0.649 


0.650 


0.677 0.657 


0,653 


0.659 


0.658 


0.662 


700 


0.661 


0.666 


0.668 


0.672 


0.671 0.667 


0.677 


0.678 


0.682 


0.678 


750 


0.686 


0.693 


0.690 


0.700 


0.710 
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Appendix 1 (cont.). First Set of Tables: Test Colour Spectral Reflectance Data: Colours 13 — 16 

Test Colour 13 (Blue) 



X +- 
(nra) 1 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.068 


0.084 


0.104 


0.127 


400 


0.156 


0.178 


0.194 


0.209 


0.221 


0.234 


0.250 


0.264 


0.287 


0.308 


450 


0.318 


0.323 


0,317 


0.303 


0.276 


2.255 


0.225 


0.193 


0.160 


0.139 


500 


0.117 


0.104 


0.087 


0.077 


0.066 


0.060 


0.056 


0.053 


0.050 


0.047 


550 


0.045 


0.042 


0.043 


0.040 


0.040 


0.038 


0.038 


0.037 


0.036 


0.037 


600 


0.038 


0.036 


0.037 


0.037 


0.037 


0.039 


0.039 


0.042 


0.040 


0.042 


650 


0.044 


0.045 


0.047 


0.048 


0.050 


0.048 


0.046 


0.050 


0.048 


0.051 


700 


0.049 


0.052 


0.054 


0.057 


0.060 


0.065 


0.069 


0.076 


0.087 


0.102 


750 


0.123 


0.147 


0.174 


0.201 


0.224 













Test Colour 14 (Green) 



K + - 
(nm) I 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.045 


0.048 


0.054 


0.054 


400 


0.057 


0.059 


0.060 


0.060 


0.060 


0.062 


0.064 


0.064 


0.069 


0.070 


450 


0.075 


0.079 


0.083 


0.090 


0.099 


0.109 


0.120 


0.132 


0.144 


0.158 


500 


0.175 


0.196 


0.231 


0.272 


0.307 


0.338 


0.352 


0.357 


0.353 


0.341 


550 


0.323 


0.305 


0.286 


0.265 


0.244 


0.224 


0.203 


0.180 


0.161 


0.144 


600 


0.124 


0.108 


0.098 


0.089 


0.084 


0.080 


0.076 


0.075 


0.071 


0.071 


650 


0.070 


0.067 


0.067 


0.067 


0.068 


0.070 


0.070 


0.074 


0.076 


0.079 


700 


0.080 


0.082 


0.086 


0.085 


0.083 


0.081 


0.081 


0.081 


0.083 


0.086 


750 


0.091 


0.094 


0.098 


O.iOl 


0.103 





















Test Colour 15 (Red) 










X +- 
(nra) 1 





5 


10 


15 20 25 


30 


35 


40 


45 


350 










0.043 


0.045 


0.046 


0.045 


400 


0.047 


0.046 


0.048 


0.046 0.046 0.046 


0.048 


0.044 


0.046 


0.047 


450 


0.047 


0.047 


0.046 


0.046 0.044 0.044 


0.040 


0.042 


0.039 


0.040 


500 


0.040 


0.039 


0.040 


0.040 0.038 0.038 


0.039 


0.038 


0.040 


0.040 


550 


0.041 


0.042 


0.044 


0.046 0.047 0.054 


0.064 


0.081 


0.112 


0.156 


600 


0.216 


0.283 


0.358 


0.434 0.499 0.549 


0.585 


0.607 


0.624 


0.633 


650 


0.650 


0.652 


0.652 


0.656 0.661 0.666 


0.664 


0.671 


0.671 


0.677 


700 


0.673 


0.678 


0.680 


0.689 0.688 0.685 


0.691 


0.694 


0.696 


0.692 


750 


0.698 


0.704 


0.700 


0.699 0.708 



















Test Colour 16 (Yellow) 










X + - 
(nm) 1 





5 


10 


15 20 25 


30 


35 


40 


45 


350 










0.047 


0.047 


0.048 


0.047 


400 


0.050 


0.052 


0.052 


0.051 0.051 0.053 


0.053 


0.053 


0.057 


0.056 


450 


0.058 


0.060 


0.062 


0.067 0.076 0.090 


0.109 


0.142 


0.183 


0.228 


500 


0.274 


0.319 


0.360 


0.405 0.443 0.475 


0.510 


0.544 


0.571 


0.594 


550 


0.612 


0.630 


0.646 


0.656 0.668 0.677 


0.691 


0.696 


0.701 


0.702 


600 


0.729 


0.701 


0.704 


0.707 0.708 0.713 


0.721 


0.716 


0.717 


0.718 


650 


0.726 


0.729 


0.730 


0.728 0.747 0.739 


0.737 


0.743 


0.740 


0.756 


700 


0.742 


0.749 


0.751 


0.753 0.754 0.750 


0.760 


0.762 


0.769 


0.762 


750 


0.774 


0.776 


0.779 


0.784 0.784 
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Appendix 1 (cont.)- First Set of Tables: Test Colour Spectral Reflectance Data: Colours 17 — 18 

Test Colour 17 (Magenta) 



k + - 

(nra) i 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 














0.106 


0.129 


0.168 


0.229 


400 


0.297 


0.346 


0.367 


0.372 


0.377 


0.373 


0.362 


0.351 


0.340 


0.323 


450 


0.306 


0.293 


0.276 


0.259 


0.250 


0.234 


0.220 


0.206 


0.190 


0.179 


500 


0.169 


0.163 


0.152 


0.140 


0.126 


0.113 


0.104 


0.098 


0.098 


0.102 


550 


0.104 


0.103 


0.104 


0.103 


0.106 


0.118 


0.140 


0.170 


0.212 


0.257 


600 


0.313 


0.354 


0.403 


0.457 


0.501 


0.546 


0.587 


0.612 


0.637 


0.655 


650 


0.677 


0.6S4 


0.693 


0.695 


0.714 


0.710 


0.720 


0.715 


0.714 


0.739 


700 


0.719 


0.726 


0.728 


0.733 


0.737 


0.732 


0.743 


0.742 


0.748 


0.741 


750 


0.753 


0.754 


0.761 


0.758 


0.759 





















Test Cobur 18 (Cyan) 










A +- 
(nm) 1 





5 


10 


15 20 25 


30 


35 


40 


45 


350 










0.085 


0.102 


0.130 


0.163 


400 


0.201 


0.228 


0.247 


0.254 0.262 0,278 


0.282 


0.300 


0.319 


0.332 


450 


0.348 


0.363 


0.382 


0.401 0.419 0.431 


0.438 


0.441 


0.438 


0.429 


500 


0.415 


0.404 


0.381 


0.358 0.339 0.316 


0.288 


0.262 


0.236 


0.210 


550 


0.186 


0.162 


0.142 


0.129 0.116 0.105 


0.099 


0.092 


0.088 


0.086 


600 


0.081 


0.077 


0.078 


0.076 0.076 0.076 


0.076 


0.076 


0.076 


0.077 


650 


0.078 


0.077 


0.081 


0.080 0.081 0,079 


0.079 


0.079 


0.077 


0.076 


700 


0.075 


0.074 


0.074 


0.076 0.077 0.081 


0.084 


0.090 


0.098 


0.111 


750 


0.130 


0.151 


0.179 


0.195 0.204 
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Appendix 1 (cont.)- Second Set of Tables: Reference Camera and Display Data 

Camera analysis characteristics (spectral sensitivity): Red channel 



(nm) 1 





5 


10 


15 


20 


25 


30 


35 


40 


45 


350 


























400 
































450 
































500 























5.8 


11.4 


18.0 


550 


24.3 


31.2 


38.5 


46.2 


54.6 


63.7 


73.1 


82.7 


91.1 


97.0 


600 


100.0 


99.0 


95,1 


88.5 


79.9 


69.6 


58.8 


49.0 


39.8 


31.6 


650 


24.5 


18.6 


13.8 


10.0 


7.1 


5.1 


3.6 


2.5 


1.8 


1.2 


700 


0.8 


0.6 


0.4 


0.3 


0.3 


0.2 


0.1 











750 
































Camera 


analysis characteristics (spectral sensitivity): 


Green channel 






(nm) 1 





5 


10 15 20 25 


30 35 


40 


45 


350 

















400 




















450 








0.5 2.4 7.3 


13.4 19.0 


25.1 


32.3 


500 


40.7 


51.2 


62.5 74,0 84.3 91.7 


96.7 99.5 


100.0 


98.3 


550 


93.8 


85.3 


75,0 64.6 54.6 46.2 


38.8 32.3 


26.4 


20.9 


600 


15.8 


10.8 


6.4 2.7 0.2 











650 




















700 




















750 






















Camera 


analysis characteristics (spectral sensitivity): 


Blue channel 






(nm) I 





5 


10 15 20 25 


30 35 


40 


45 


350 








0.4 


1.1 


2.0 


400 


3.8 


6.1 


11.3 22.2 37.2 58.4 


78.3 88.6 


94.4 


98.6 


450 


100.0 


98.6 


93.8 84.3 72.0 57.8 


43.9 32.6 


23.6 


18.0 


500 


14.1 


10.8 


8.0 5.2 2.9 1.2 


O.l 








550 




















600 




















650 




















700 




















750 
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Appendix 1 (cont.)- 



Camera matrix 




1.138 -0.175 


0.037 


0.112 1.151 


-0.039 


0.000 -0.091 


1.091 



Subscripts m and c denote matrixed and camera-tube signals respectively (sec Notes oa Index caiculaiion, paragraphs A(2) and 
A(l)). 







Display matrix 









X 
Y 
Z 


= 


0.4306 0.3415 

0.2220 0.7067 

,0.0202 0.1295 


0.1784 
0.0713 
0.9394 


■ 





Subscript d denotes display input signals (see Notes on Index calculation, paragraphs A(4) and A(S)). Note that the precise values 
of these coelEcients depend on the chromaticity coordinates selected for the white point. In the present case x = 0.3127, 
y = 0.3290 and z = 0.3583, giving «' = 0.19783, v' = 0.46832. 



Third Sel of Tables: Spectral Power Distributions of Reference lllumlnants 

Studio reference: Iliuminani P3000 



(nm) 1 





5 


10 


15 
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(C2 = 1.4388). 
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APPENDIX 2 
Individual and M»an Subjective Grades obtained In Practical Field Trials 



Trial 1: P300O Reference 
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Appendix 2 (cont.). Individual and Mean Subjective Grades obtained in Practical Field Trials 

Trial 2: P3000 Reference 
Observer Lamp 1 Lamp 2 Lamp 3 Lamp 4 Lamp 5 Lamp 6 Lamp 7 Lamp 8 Lamp 9 
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Appendix 2 (cont.). Individual and Mean Subjective Grades obtained In Practical Field Trials 



Trial 3: "Lamp 5" Reference 

Lamp 1 Lamp 2 Lamp 3 Lamp 4 Lamp 5 Lamp 6 Lamp 7 Lamp 8 Lamp 9 

AS AS AS AS AS AS AS AS AS 



1 23 22 11 33 44 33 23 33 22 

2 34 23 21 43 54 32 33 44 32 

3 33 23 11 42 54 32 42 43 22 

4 34 34 22 43 44 22 33 34 22 

5 23 33 11 44 44 43 43 34 33 

6 34 33 22 44 55 23 23 53 31 

7 43 33 11 43 33 22 32 22 21 

8 32 22 11 43 44 32 43 53 11 

9 33 23 12 44 55 23 22 34 22 

10 44 33 12 44 54 3334 44 33 

11 34 33 11 44 55 44 32 34 22 

12 32 23 11 43 45 22 22 43 21 

13 33 33 22 43 44 33 43 43 32 

14 22 44 22 54 55 33 43 45 34 

15 34 24 13 33 55 22 33 44 22 

16 43 32 21 34 55 52 43 44 33 

17 44 34 12 32 53 21 21 53 31 

18 33 22 13 32 55 24 22 33 21 

Mean 3.06 3.22 2.61 3.00 1.33 1.61 3.78 3.22 4.56 4.33 2.78 2.56 3.00 2.61 3.72 3.50 2.39 1.94 

1 Very poor consistency 

2 Poor consistency A Alternate presentation 

3 Moderate consistency S Split-screen presentation 

4 Good consistency 



5 Excellent consistency 
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